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PREFACE. 



A COURSE of lectures, delivered at Brighton by th 
late Dr. ManteU, ou the Geology and Fossils of th 
Soath-east of England, formed the ground-work of th 
present work, so many editions of which have bee] 
favourably received by the public during the lag 
twenty years. 

The great advancement of geology and the collatera 
sciences, during the last ten years, has necessitated con 
siderable modifications in several chapters of the pre 
sent edition, so that the most important recent dis 
coveries in palseontology, and the new or modified view 
of geological phenomena resulting from the progres 
of knowledge, might be incorporated in the respectiv 
Lectures. 

The Editor has carefully adhered to the Author' 
praiseworthy plan of giving full references to the source 
of published facts and opinions, — ^both for the sake c 
justice to previous observers, and to enable the studer 
to work out for himself the subject-matter in hand. 

If there be omissions in this respect, they will genei 
ally be supplied by the Author^a "Medals o? CTeai\\OTi 
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or other of his works frequently referred to, and con- 
taining the necessary references to special monographs 
and memoirs. 

The " Medals of Creation," indeed, and the " Won- 
ders of Geology " are intended to illustrate each other ; 
the present volumes offering a familiar exposition of the 
Philosophy of Geology, and the " Medals " (2nd edi- 
tion), a compendious view of the Principles of Palceon- 
tology, 

London, Sept. 1857. 

T. Rupert ^ones. 



OBITUAET NOTICE 

OF THE LATE DR. G. A. MANTELL. 

. In preparing the present edition of the " Wonders 
of Geology," both the Editor and Publisher feel that 
it must be as agreeable to the reader to have some brief 
Inographical sketch of the lamented Author, as it is 
grateM to their fedings to have an opportunity of con- 
necting the well-eamed eulogiums of his contemporaries 
with one of his favourite works. 

The S3rmpathies of Dr. Mantell's friends supplied 
several Biographical Sketches to the public journals, 
immediately after his decease ; and at a meeting of the 
Clapham Athenaeum was read a faithful and affecting 
notice * of his life and labours, as connected with Clap- 
ham, — one of the scenes of his untiring exertions to 
extend knowledge, and apply its advantages to his 
fellows. 

" We have lost," says that sincere eulogist, " one of 
our earliest and staunchest friends, and science has lost 
one of her most pleasant, attractive, eloquent, and in- 

• A Reminiscence of G. A. Mantell, Esq., LL. D., F.R.S., F.G.S., 
&c. Batten, Clapham, 1853. 
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structive advocates." Referring to tliis well-timed 
" Reminiscence " for much of interest, we extract from 
the Anniversary Address," read in February, 1853, be- 
fore the Gteological Society of London, the foEowing 
notice of our deceased friend, by the president, Mr. Wil- 
liam Hopkins of Cambridge. 

" On the list of those Fellows of our Society whose 
death during the past year we have to lament, stands 
first the distinguished name of 

"Gideon Algernon Mantell, LL.D., member of 
many learned Societies at home and abroad, — who was 
a memorable instance of a man of genius, constantly and 
diligently occupied with the practice of a laborious pro- 
fesaion, nevertheless reaching great eminence as a man 
of science, and finding time, even in the midst of press- 
ing duties, to pursue hia favourite studies with distin- 
guished success. For several years he practised as a 
medical man at Lewes in Sussex, in a district which he 
has rendered classical by his researches into its geologi- 
cal structure. There he collected a vast number of in- 
teresting fossils, and foiTned a private museum, such as 
has rarely if ever been equalled. In the year 183-3 he 
removed to Brighton, and four years afterwards from 
thence to Clapham, near London. At the time of his 
death he resided in Chester Square. When at Lewes, 
he published his principal separate works, " The Illus- 
trations of the Geology of Sussex," and " The Fossils of 
the South Downs." The latter work, which was first 
in point of date (1822), appeared simultaneously with 
that of Cuvier and Brongniart upon the Geology of the 

1 * Quiicl. Journ. Geul, Soc. vol. ix. p. x\ii. 
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Environs of Paris, and many of the organic remains of 
the Chalk were described in both works simultaneously 
and independently. Whilst at Lewes he called atten- 
tion to the interest and beauty of the remains of fishes 
found in the Chalk, and it was there that he commenced 
the series of observations which placed him in a promi- 
nent position among British geologists. 

" The attention of Dr. Mantell was early directed to 
the phenomena exhibited by the strata of the Wealden 
fonnation. His most important discoveries sprang out 
of the researches which he never ceased to pursue 
aniongst this his favourite group of rocks. At the time 
of his death he was occupied with the preparation of a 
^ork intended to embrace a general resume of all that 
liad been done about and among them at home and 
abroad. His location at an early period of his profes- 
sional career was exceedingly favourable for these in- 
quiries. He was assuredly the original demonstrator of 
the fresh- water origin of the mass of Wealden beds, — a 
great step in British geology. His observation of the 
conditions under which existing fresh- water shells and 
other bodies of fluviatile origin were imbedded in the 
alluvium of the valley of the Ouse, and even alternated 
^th marine exuviae, suggested the probability of the 
occurrence of similar, but infinitely more ancient, phe- 
nomena in the clays and sands of the Weald, and care- 
fiil research fully confirmed his conjectures. With the 
Wealden, too, are connected his chief and very memor- 
^^le palaeontological discoveries. Out of that formation 
^6 procured the most interesting of the relics of prodi- 
gious extinct reptiles, which owe to him their scientific 
appellations, and whose remains will long eoiv^l\V\>.\.^ 
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some of the chief attractions of the great collection ori^ 
ginally aiaaased by him, and uow displayed in the gal- 
leries of the British Mueeum. Whether we regard biB 
discovery and demonatration of the Iguanodon and its 
colossal allies in a geological point of view, as charao- 
ferizing distinctly an epoch in time, or, with respect to' 
their zoological value, as filling up great gaps in the 
aoriea of Vertebrata and elucidating the organization of 
a lost order of reptiles, at once highest in its class and 
most wonderful, we must, as geologists and naturalists, 
feci that a large debt of gratitude is due to the indefati- 
gable and enthusiastic man, out of whose labours this 
knowledge arose. In the group of Dinosaurian reptileB 
wore some of the largest of terrestrial animals. In their 
organization, whilst truly reptilian, they approached the 
mammalian type. Their characters were so peculiar, 
that of the value and distinctness of their order there 
can be no question. Their osteology has been elaborated 
with skill and care, and has worthily occupied the atten- 
tion of the most eminent anatomists. They gave a 
feature to the herpetology of the middle portion of the 
Secondary epoch. Now, of the five marked genera con- 
stituting this group, aa at present known, we owe the 
discovery and demonstration of four, viz. Iguanodon, 
Hol<eosaurus, Pclorosaurus, and Regnosaurus, to Dr, 
Mantell. Worthily then was the WoUaston Medal ajid 
Fund adjudged to our lamented colleague in 1835, ' for 
his long- continued labours in the comparative anatomy 
of fossile ; especially for tho discovery of two genera of 
fossil reptiles, Iguanodon and Holesosaurus.' 'JThat lie 
did not rest from his labours, after having received this 
honourable reward, the discovery of two additional 
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genera mentioned above can testify. Nor did he cease 
irom C!ontinualIy seeking to perfect his knowledge of the 
vonderfal animala brought to light during his earlier 
career. Thus, whilst the annonncement of the Iguana- 
don dates aa far hack aa 1825, his account of the jaw of 
thia reptile was given to the world fifteen years after- 
vards. Hia paper on Pelorosaurus in the Philoaophical 
Transactions was published in 1850. From the Royal 
Society ho received the Royal Medal in 1849, as a just 
acknowledgment of hia palEeontological researches. 

" Dr. Mantell was equally interested in all otiier 
branches of paleontology. One of his earliest papers 
was that concerning the bodies called by him and now 
well known as Ventriculites, found in the Chalk, and 
referred by blm to Alcyonia. On Fossil Mollusca and 
Radiata he wrote many valuable papers, especially those 
that concern the Belemnites and their allies. He was 
the first to call attention to the preservation of traces of 
the animals of Foraminifera in chalk-Sinta, and he de- 
voted much time to the investigation of these microsco- 
pic bodies. He was an expert microscopist, and poa- 
sesBed fine iustnunents (one especially presented to him 
aa a testimonial of esteem when he resided at Clapham) 
ffoA. an extensive collection of preparations. He was 
also much interested in fossil botany, and published 
several papers on the remains of plants in the Wealden 
and Cretaceous formations. 

" Among his most recent 'labours was the account of 
die remarkable reptile from the Old Red Sandstone, 
named by him Tclerpeton Elgine?ise, an 'animal of sin- 
gular interest, since it must be regarded as the most 
nnqneBtionable relic of its class hitherto dis- 
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oovered. At the time he died he was occupied with a 
description of a very siQgalar fish from the Chalk, to 
which he intended to give the name of Rhyncho- 
tiichthys, 

" His labours were not confined to the fossils of his 
own country. He did much towards making known 
remarkable fossils from North America and from New 
Zealand, — countries in which his sons are worthily 
walking in the footsteps of their distinguished father. 

" Dr. Mantell's influence in science did not, however, 
wholly, or perhaps chiefly, depend upon his original 
researches. As a popular expounder of geological £acts, 
he was unequalled. As a lecturer, he had no rival ; — 
fluent, clear, eloquent, and elegantly discursive, he 
riveted the attention of his audience, and invariably 
left them imbued with a love for the science he had 
taught them. His popular writings, of which 'The 
Wonders of Geology ' and the * Medals of Creation ' are 
among the more useful, had a wide circulation, and are 
held in high esteem by general readers. The works 
just mentioned have a considerable reputation on the 
continent as well as in England, and have been trans- 
lated into German. One of them, the ' Medals of Crea- 
tion,' is almost the only book in the English language, 
in which a general survey of the extent of the fossil 
world, and an interesting outline of British palaoonto- 
logy, can be met with. No fewer than sixty-seven 
works and memoirs, of various degrees of length and 
importance, are enumerated in the ' BibKographia Zoo- 
logi® et Geologise ' as having proceeded from his pen. 
These are all upon diflferent subjects of geological or 
natural history interest ; but besides these, he wrote not 
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a few antiquarian papers^ and some professional disqui- 
sitions of value. 

" For many years Dr. Mantell endured severe illness 
and excruciating bodily pain, owing to a spinal disease, 
the result of an accident. But no torture could destroy 
his love for science, and his energetic pursuit of geologi- 
cal Pesearch. Almost to the hour of his death he was 
actively occupied with scientific investigations. When 
once absorbed in an important inquiry, he spared nei- 
ther expense nor pains in his pursuit after the truth, 
and, by his enthusiastic and glowing descriptions of his 
progress, excited all with whom he came in contact to 
assist in the work. 

" Dr. Mantell died in his sixty-fourth year." 

Another tribute of friendship and esteem was paid to 
^e memory of Dr. Mantell by Prof. Silliman, of New 
Haven, Conn. TT. S., whose lucid and comprehensive In- 
troduction to the American edition of the " Wonders 
of Geology " is given in this volume. For many 
years correspondents, and of late mutually gratified by 
enjoying the pleasure of personal communion on the oc- 
^ion of Prof. Silliman's presence in England, these 
distinguished geologists knew well how to appreciate 
each other's character ; and thus does the survivor 
^te * of his departed friend and of his works : — 

** Gideon Algernon Mantell, LL.D., F.R.S., 
F.G.S., &c., died at his residence in Chester Square, 
London, November 10th, 1852, aged, we believe, about 
sixtv-four. 

• American Journal of Science and Arts, Second Series, vol. xv. p. 
147. 
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^(K&eay d4uia g oar eciscrifel ester «f durtT-four 

isjg^ tine deadi of meo. ocncgcion wisiL is in tiie cause 

e>s«aMieted br ties ct persaoil fneod^dpz bat neTer 
hntr^ wtt been so pmifaihr soipmed. a$ by the recent 
attaoaaaeemiect <if the sudden deaih of the emment and 
^Kjfjknt man named abore. 

^ TbirtT rean a^ his splendid q[aartD of 320 pages, 
vith 4i% pl^tea, derated to the gecdogrof Snasex, his 
natir<e ^Mmxj in Engiand, made its appearance. It was 
felk^v^ at the end of fire years, by a thinner qnaito, 
4^|ttaJly a finished production, with 21 plates iUnstratiTe 
<^ th^ fe^Aof^ ot the south-east of England, indnding 
HwMffX and lUgate Forest. These original works, 
aVynnding with interesting and instmctiTe obserra- 
iUfMf <«tablished the author's reputation throughout 
Kttr^/p^ M an able geologist, and as an acute and suc- 
futmfnl expositor. 

''Th« scene of his personal researches in geology, 
t'/mtnunrunng at Lewes, his native town, extended from 
t/fTuUm and its yicinityto Brighton on the English 
(^tHnruslf and from Dorer to the Isle of Portland, in- 
dtiding Hampshire and the Isle of Wight, and never 
wtm a g#^>logical field more fidthfully or more success- 
fully /explored. Dr. Mantell made also occasional ex- 
aurnumn into Wales and Derbyshire, to Oxford, Edin- 
liurghi &4i. The fossils of the Chalk, and the colossal 
fiflfiilm of the Wealden formation below the Chalk, 
mako a conspicuous figure in his works, among a multi- 
iiulo of other organic relics of early creations. 

" I)r, Mantell lived successively at Lewes, Brighton, 
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Clapham, and London, in all of which places he sus- 
tained an extensive professional practice, both in medi- 
cine and surgery, and still found time, in consequence 
of his great industry, to cultivate geology and the allied 
sciences, especially comparative anatomy, and to give 
many lectures on these subjects, in compliance with in- 
vitations from various towns and cities. As a lecturer, 
he was lucid, animated, and eloquent ; and having the 
advantage of a noble presence, with a voice of great 
power and of a fine musical cadence, his appearance was 
eminently attractive. He had a perfect command of 
the most appropriate language, and his chastened en- 
thusiasm always carried his audience along with him. 
His well-deserved celebrity insured on the part of the 
public a welcome reception to several important works, 
which, in the course of a few years, he wrote and pub- 
lislied. 

''The* Wonders of Geology,' in two volumes, was an 
embodiment and enlargement of his lectures, and a 
more instructive and delightful work on that science has 
never been produced. It passed through several edi- 
tions in England ; and an American edition (printed in 
London) was published, prefaced by an introductory 
discourse intended to adapt the work more particularly 
to this country. 

" The * Medals of Creation,' also in two volumes, con- 
tained a learned and instructive synopsis of the fossils 
of all ages, and was illustrated by numerous excellent 
figures. 

" The * Geology of the Isle of Wight,' in one volume, 
gave a full and faithful account of that beautiful and 
remarkable island, replete with fossils, and coivl^mvsi^ 
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in its lower strata, limbs, vertebra, and other bones ol 
ancient reptiles, more colossal than any that had been 
before diacovered. This work alao is fully illustrated. 

" Nearly the last of Dr. Mantell's great labours was 
a digested account of the fossils in the British Museum, 
with illustrations ; it forms a thick volume, and is en— ■ 
titled ' Petrifactions and their Teachings.' It is a veryn 
interesting and instructive guide through the British^ 
Museum, and is fitted to be a pioneer in palEeontology- 
generally. , 

"Among hia smaller works, the ' Thoughts on a Peb— " 
ble ' was a charming little book, adapted to the capacity^ 
of young people and even of children, while it was ac-r 
ceptttble to the mature geologist ; it passed throug] 
many editions. 

" Two thin quartos, amply illustrated (as usual witlk. 
the author), one on the Fossils of Sussex, and the other" 
ou the Geology of Leith Hill, are gems in gaology. , 

" His ' Day's Ramble around Lewes ' is an excellentSri 
guide in that region, both in geology and archoiology— -j 
On archeology, as regards the proofs of the existence 
of man in different geological eras, ho delivered an im- 
portant lecture before the Arcbffiologicol Society of Ox- 
ford University. 

" To the list of Dr. ManteU's works, we add a hand- 
some quarto narrative of the visit of William IV. and 
of Queen Adelaide to the ancient borough of Lewes, 
with original poetry and portraits. Also, ' Thoughts on 
Animalcules,' and a splendid Pictorial Atlas of Fossils, 
the illustrations chiefly selected from Parkinson's Or- 
ganic Remains and Artia's Antediluvian Physiology. 

" Of bis numeroua memoirs, those on the fossil rep- 



tilnof the south-east of England — on the Belenuiite an^ 
Bel«iiuiot«uthiB — and on the Moa* the extinct foBsil bird 
ofNew Zealand, are among the most remarkable. 

"Dr. Mantell, a number of years ago, sustained a 
were injury on the spine, in consequence of a fall from 
Ilia carriage, and an incurable tumour arose, which, by 
it* presaure upon the nerves of the spinal chord, pro- 
duced at first temporary paralysis, and subsequently, 
through life, fretjuent and intense neuralgic suffering, 
rttended by great emaciation. Still his powerful and 
finthnsiastic mind rose above bis sufferings, although 
tbey often deprived him of sleep. He wrote scYeral of 
Ibs works while he was a martyr to pain ; at the same 
tune he continued, bis professional visits, and at the bed- 
Mde of bis patients, and when in society at home or 
^road, he assumed a degree of cbeerfalneas which 
niiglit have led any one to suppose that he was in per- 
fect health. During the last week of his life he suffered 
ftensely, and was deprived almost entirely of sleep ; 
till, although observed to look unusually ill, he gave 

* public lecture, with bis usual animation, two days be- 
rare his exit, and visited hia patients the very day be- 
fore he died. He also continued to labour upon the 
Dew edition of the ' Medals,'! until be retired to his 
chamber, on the night preceding bis decease. He was 
then in great suffering j and at 3 o'clock p.m., of No- 
Tember 10th, he passed gently away without a struggle, 
and probably was never conscious of his transition, imtil 
his spirit awoke in another world. 

• "HUeideatsgn, Mr. Waller Mantell, living in New Zealand, obtain- 
ed and sant la bis fallier a Irf)^ coUeeliun of l)ie bones of the Moa." 

f Completed under the auperinlcndenco of Mr. Rupert Jones, and 
published by Mr. Bobn, in 1S5I. 
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" As a personal friend, Dr. Mantell was most in- 
teresting and estimable. His affections were warm, hia 
intellectual perceptions acute, and hia capacity for social 
enjoyment was so great, that the presence of a friend 
aroused hia active mind even when suflering intense 
pain; his powers instantly rallied and poured forth 
treasures of knowledge, and often literary and poetical 
effiisiona with a natural eloquence and iinished grace 
which made him a most delightful companion. In 
aftairs of business, he was ever exact and responsibly 
and, aa far as possible, left no pecuniary transactionB to 
be finished by other hands. 

" He was an elegant artist ; his off-hand pen or pencil 
sketches, occasionally enclosed in letters to his friends, 
were both elegant and effective, and most of his illustra- 
tions in hia earlier works were drawn by himself. It ia 
stated on the title-page of the Geology of Sussex, that 
the dra"yvingB were made by the author, and the engrav- 
ings were executed by Mrs. Mantell. This lady and 
three children survive. 

" Dr. Mantell's ancestors were distinguished in several 
of the arbitrary reigns of England, as friends of human. 
liberty, and some of them paid the price of their blood. 

" Dr. Mantell waa remarkable for his candour and 
kindness, and for scientific justice," especially to ori- 

• "Dr. Mantell Iranamltlcd lo Bnron Cuvier tlio ihen (1822) newly 
discovered leelh of the giganlic Cossi] reptile, since named the Iguima- 
dan ; imd in the record of Curicr's opinion, quoted liy Dr. Manlelt in 
bis Geology of Sussex and Fossils orTilgale Forest, 1827, p. 71, ore the 
following oipresaions, which prove that he gave lo the illuslrions Cuvier 
Ihe credit which was his due : — ' Ces dents me sonl certaincment iucon- 
noi— je orois qu'elles sppartiennent & I'ordie des reptiles ; n's.uriQaa- 
nous pu ici un utitnal houtbilu, un reptile herbivore ? ' " 
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ginal discoverers, whether eminent or humble, and no 
British philosopher excelled him in liberality and cour- 
tesy towards the scientific and literary productions of 
thk country and their authors. 

"Although he sold to the British Museum, some 
years since, the greater part of his vast collection of 
fossils of the south-east of England, his private dwelling 
was still a rich museum of most interesting objects of 
nature and art : — everything conspired, in perfect unity, 
to one effect,' corresponding with the accurate science 
and elegant taste of the lamented proprietor. The rare 
combination of exact and thorough scientific knowledge, 
with the enthusiasm of a discoverer, and the rich but 
chastened diction of a poet, were never more remarkably 
united than in him. His letters were a rich feast to 
his Mends. Full of information and thought, and the 
kindest feelings, and being punctual in responding to 
letters addressed to him, those who were so happy as to 
enjoy his confidence and correspondence always hailed 
with joy his beautiful and well-known inscriptions. 

" Dr. Mantell's early training in religion w^s under 
pious parents, and his retentive memory enabled him 
when young to repeat a large part of the Bible by 
heart. This statement, which came to us from his own 
lips, is in accordance with a fact which illustrates the 
power of his memory, that, in conversation, he would 
often repeat with perfect facility and accuracy, whole 
pages of his favourite English classics, and with that 
finished and graceful intonation for which he was so re- 
markable." 
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cannot widen the range of your knowledge, without becom- 
ing more skilful and successful in the business or profession 
in which you are engaged." * 

I may add, that by that happy connexion, whereby the 
useful is indissolubly linked with the true, the exalted, and 
the beautiful, science thus followed for its own sake will 
pour forth abundant overflowing streams to enrich and fer- 
tilize that industrial prosperity, which is the conquest of the 
intelligence of Man over matter.f 

G. A. M. 

* Inaugural Address at the opening of the Tamworth Institution, 
1841, by the Right Hon. Sir Robert Peel, Bart. 

f See Introduction to CSosmos, or a Sketch of a Physical Description 
of the Uniyerse ; by Alexander Von Humboldt. (4 toIs. Bohn, 1849-52.) 
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1. Object op the Science. — Greology is the natural history of 
the earth ; its hills and mountains, its rivers, lakes, seas, and oceans, 
its fertile plains and sterile deserts — in a word, all that helongs to 
physical geography is comprised in this science. Incidentally, it 
takes notice of agriculture and cou^merce, of the varioiis improve- 
ments of civilization, and of the races and families of / animated 
beings of both organic kingdoms, since they are all influenced, more 
or less, by geological phenomena. Everything upon the globe 
is, therefore, connected with geology ; which embraces likewise the 
principal physical facts and events of which our planet has been the 
theatre. 

But the more immediate object of this science is to ascertain 
the structure of the earth, and the nature of the masses of which 
its crust is composed, — the order of their arrangement, — their mine- 
ral and organic contents,^he proximate causes by which they were 
formed and deposited, ^d those by which they are rendered liable to 
future changes. 

2. Preliminahy knowledge. — These considerations necessarily 
involve a knowledge of physical laws. "We must be acquainted 
with the cliemical constitution of matter, with the com\)mal\Qras '\\,?. 
elements are capable of forming, with the liabilities oi \\ie c^^im- 
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pounds to enter into new airangementB, and with the laws wh.: 
govern these changes. The mechanical laws must also be kept ii 
view; the weight, pressure, and moving power of solids and finids. 
the varieties and force of attraction ; in a word, the dynamics of 
our globe. Nor con the subject be considered entirclj apsjt from the 
planetary relations of the earth, as a member of the solar system, and <rf 
the innumerahle systems which compose the stellular onive 
Those subtle agents nnknowa in their essence, but most 
and potent in their effects — namely, heat, light, electricity, 
magnetism, either distinct, or combined in vario 
demand also a fnithfal study, that we may comprehend their 
fold and unceasing effects in the economy of the earth ; nor 
the enveloping ocean of aerial fluid, the atmosphere, in which 
energy ia so largely displayed, be forgotten; both in 
and chemical characters, it demands earnest attention, 
abo know the outlines of natural history, especially of 
species, or, at least, of those which are, or have been, chiefly wn- 
cemed in producing, by their eitensioa or a^rcgation, the mona- 
tains and continents, and the entire crust of our planet, so !ai ix >t 
is cognizable hy man. Some competent knowledge of minerdogf 
oaght, therefore, to precede the study of geology ; it is true, ve 
may begin with a comparatively small number of the most important 
minerals, as our increasing acquaintance with rocks will constujtlj 
augment our familiarity with the minerals which compose them. 

In like manner, as mineralogy is indispensable to the study (n 
geology, so the other departments of natural history are auiili»rj 
to it in a most important degree. Anim^ and plants, either entire 
or dismembered, or in fragments, are contained in almost aO kinds 
of rocks, eicept the primary • and the volcanic ; m 
the limit of organic matter even in these, for we know not ho* fK 
fire, by softening or fusion, may have obliterated the organic 
that might once have been blended with tnatejdals now exhibiting' 
no vestiges of plants or animals. Altliough we may not be able 
mark the precise boundary beyond which organic beings do 
appear, it is certain that in all geological epochs subsequent, — 
least, to that of the primary rocks, animals and plants have exisUl 
in successive families ; they have been created, have lived their 
tined periods, and by the operation of physical causes liave periahad. 
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s have been called into being, and in their turn have 
ceased to be, in order to give room to other families, requiring, per- 
haps, new phjsic&l conditions. 

Thns we ttarel onward in time, and Qjiward in the order of 
deposition, throngh races whose species are entirely eitinot, until 
we arrire at the periods that spproiimate to our own times, when 
similar beings to those that now inhabit the earth hrst begin to 
appear, and finallj to gradaate into those of the present da;. Now 
it is obrioua, that, to judge intelligentiy of extinct races of animab 
and vegetablea, it is requisite to pass in review the entire organic 
creation, both of ancient and modem date ; not onlj of the ter- 
restrial nmmata that, in corlj times, walked the ea^h, of tlie liabcs 
and amphibia that swam in the waters, of the birds, insects, and 
winged reptiles that soared in the Air, and of the plants that adorned 
the new-born islands and enierging continents, and which, as well as 
the animals, are now entombed in rocks and mountains ; but we 
must be familiar, also, with the races which, at this moment, fill the 
world with animation and beautj, for thej are our living standards 
ot comparison. In short, we must be weU acquainted with both 
uatnrBl history and comparative anatomj. 

If such be the circle of soiencea preliminary or aujiliary to 
geology, it may well draw from us the desponding eiclamation. 
Who then is sufficient for these things ? We may perhaps reply, no 
unassisted individual. Science is formed by the joint kboars of 
many taiads. Different cultivators bring in the rich tribute of 
the fields they have tilled and reaped, and a master-mind disposes 
tbem in order, and draws from them the requisite conclusions to 
constmct a system, or, at least, to furnish its most important 
elements. 

3. Rank among the Sciences.— This very general sketch of 
the relations which geology auatains to the ooUat^ral scicneea is 
sufficient to evince its high dignity, and to vindicate its strong 
claims to our serious attention. As a science, its date is modem ; 
bat this is also true of all the physical sciences, among which 
geology is a joimger sister. Altbongh it is rapidly advancing, and 
is, therefore, not perfect, hut progressive, it is still a science; and, 
in this sense, which of the physio^al sciences is perfect ? " In this 

• "TrilioulDf <nlMI»y of aplnhn In Geolnfy, lilo boisl ot an tHieiae \iiac 
^"^^"''°''' " '"' """"" ■■"^'nary IaOiimiilMoHlionnillD«otow»i4.-- 
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respect geology is, therefore, not alone. Its ascertained facts are 
numerous ; they are correctly observed and reported ; they are skil- 
fully classed, and a sufficient number of general as well as par. 
ticular conclusions has been drawn from them to furnish the basis 
of a noble science. Its boundaries are daily extending, and will 
be extended without limit, by continued observations, — ^its evidence 
will constantly accumulate ; and, although its theoretical speculations 
may change, nothing can occur to subvert the grand conclusion, 
that the earth has a regular structure, and that its materials have 
been arranged under the operation of general laws of great energy 
and duration, the physical expression of omniscient intelligence 
and omnipotent sway, guided by benevolent design, which beromes 
more and more apparent and convincing with every new and success- 
ful research in geology. 

4. Sources op its evidence. — If the inquirer ask for the 
source of geological evidence, it may be answered that it is derived 
from diligent and careful examination of the structure of the earth ; 
and for this object our means are more ample than might at first 
appear. 

Every artificial excavation,^-every well and cellar, — every cut for 
a fort, for a common road, a railway, or a canal, — every stone-quarry, 
— every tunnel through a mountain, — and every pit and gallery of a 
mine bored into the solid earth, furnish means of perusing its inte- 
rior structure. Still more do the inland precipices, and the rocky 
promontories and headlands along the rivers, lakes, seas, and oceans ; 
the naked mountain-sides ribbed with strata, that bound the defiles, 
gorges, and valleys ; the ruins accumulated at the feet of lofty pin- 
nacles and barriers, and those that have been transported and scat- 
tered far and wide over the earth, present us with striking features 
of the internal structure of our planet. 

Most of all, do the inclined strata, pushing up their hard edges in 
varied succession, and thus faithfully disclosing the form and sub- 
stance of the deep interior, as it exists many miles beneath the ob- 
server's feet. 

Volcanic eruptions throw up into daylight the foundations of the 

fathomless deep below, in the form of ejected or molten masses, or 

in rivers of ignited and fluid rocks, which congeal on the surface 

of the ground, either inflated like the scoriae of furnaces, or in soUd 

masses, with no visihlQ impress of \ieat •, 8i.\\^ ol\,evv cat&a.\s>ix!^ very 

perfect and beautiful minerals, ela\)Oiate^ m ^-"^^ nqV.^\!lq, <st ^v 
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lodged from still earlier beds. In addition to the products of actual 
volcaaos — the ignigenous rocks, crystallized or deposited from 
fbioD, both in the earliest and in many of the more modem epochs 
—injected among and traversing strata of all descriptions and ages. 
Mid thus assimilated to known products of internal fire, the proper 
rocky masses, the granites, syenites, porphyries, serpentines, and 
traps, give authentic information of the unapproachable gulf of fire 
whence they were projected. 

The internal waters that gush cool from the fountains on the land 
or under the sea, or those that spout in boiling geysers from the deep 
caverns where their imprisoned vapours accumulate explosive force ; 
all these bring to the surface the materials of the interior, and con- 
spire with tornados of gas, bursting from volcanos and other vents, 
to reveal the deep secrets of the earth. 

5. Its positive utility. — Geology, in addition to its adherent 
%iity, puts forth strong claims to regard on the ground of positive 
utility. Everything reposes upon the mineral kingdom ; it affords 
to man, directly or indirectly, all the materials of his physical com- 
fort,— all those of national wealth, and all the means of civilization. 
The most important of physical instruments are derived, imme- 
diately or remotely, from it ; for the vegetable world, equally with 
the animal, rests upon this basis ; whether we speak of the cedar, 
the oak, the lichens, or the grasses, all equally derive their support 
from the elements afforded by the mineral kingdom ; which, in its 
^dest sense, includes not only the solid earth, but its waters, and 
*11 its fluids, — its atmosphere and all its gases. The vegetable 
l^ingdom borrows not a few elements from the mineral world ; 
oxygen, carbon, hydrogen, and even nitrogen, and all that are indis- 
pensable to vegetable life, are found in the waters or in the atmo- 
sphere ; while other elements or compounds, adapted to particular 
purposes, are derived from various mineral sources ; the soil, for 
example, affords silica, which enters into the composition of the 
epidermis of grasses, bamboos, equiscta, &c. ; and potass and soda, 
derived from decomposed felspar and other minerals, pass by absorp- 
tion into the juices of plants. Even animal and vep^etable manures 
form no exception, for their elements have a similar origin, and 
consist almost entirely of the substances indispensable to vegetable 
growth. 

Thus, while we expiore this orb of gases, fluids, and scXvd^oe)^^, 
we shalJ gain the most mtcresting knowledge, and mucV ^o^\\an^ 
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advantage. Our beautiful planet is indeed worthy of our studj ; it 
was once our cradle — ^it wiU soon be our grave, — ^between the dawn 
and the night of life, it is the scene of our busy action, and firom it 
we shall rise to another state of being. 

6. Discovery of useful Minebals. — Geology discloses to us 
the valuable minerals, and teaches us where they are likely to be 
found, and where research would be vain. 

Coal. — Coal is, without doubt, wholly of vegetable origin : hun- 
dreds of species of plants have been distinguished in the coal-forma- 
tion, but none of these have been found living on the earth, although 
many of the families still exist ; the recent allied species are generally 
of a diminutive size, in comparison with those of the coal-perio(^ 
and those that approach the ancient in magnitude are chiefly found 
in tropical cHmates. 

Duly informed in geology, we should never look for coal in 
granite,* nor among the most ancient rocks ; and in the wide inter- 
vening series, a large part of the formations are excluded from the 
association with this most important mineral. Slates, shales, and 
limestones, charged with bitumen, afford indications of some value, 
but not decisive, as bitumen is associated with many minerals that 
do not belong to coal-formations. The impressions of plants in the 
rocks, especially those charged with bitumen, strengthen the pre- 
sumption, and, should we find fragments of coal scattered in the soil, 
or mingled with gravel and sand in the banks and water-courses, or 
observe dai-k masses of earth, which, on close inspection, appear to 
contain fine coaly matter, we may infer that beds of this combus- 
tible may be near, and that it may be proper to dig or bore ; and 
when, at last, we find the beds of coal, they will be regularly 
arranged between a roof and floor of coal-slate or shale. But it by 
no means follows, that beds of shale and slate necessarily indicate 
coal ; those of the primary series would scarcely contain any com- 
bustible, unless it were plumbago, or possibly a little anthracite. 
The geological laws of coals are very strict, and a thorough 
acquaintance with them is the only safeguard against fruitless 
enterprises. 

Lignite. — It is easy to mistake beds of lignite for coal : lignite, 
when found in sufficient abundance, is a valuable combustible, but it 



* Coal-strata sometimes repose upon granite (not in it), as in France, and near 
UJehmond, in yirgmx^ 



d got perfect coal ; it bnrna with a sharp iind ucrid odour like ihe 
Wake of a \rood-fire, and is in fact wood only partially altered by 
inbumitian.. It is most abundant in the more recent geological 
fimatiQnB, especially in tertiary sands, gravel, and claya, in which 
buit coal has rarely been found. The trees that are buried in the 
tmut allnrial and diluvial deposits are little altered, and are, for the 
gitsier part, referable to eating floras ; sometimes they are llat- 
t«iied by pressure, and altered in their texture, and even partially 
orioniied. 

Umuime ami Marble, — Limestone, inclnding- chalk and marble, 
Uimost useful sohstaoce. The aneient Grecian temples give de- 
cuire proof of the durability of marble ; and its beauty, even after 
"b lipse of two or three thousand yean, and aft,er innumerable 
aggressions by the violence of war, and the depi'edationa of anti- 
fUiiei, more destructive than the aetion of the elements, is in 
iMny iastaneea not entirely destroyed. Limestone is the most 
Infiortant ingredient in mortar, and of great value in soils. But it 
" not necessary to enlarge on a auhject so generally underatood. It 
a ittioient to remark, that in the selection of limestone for archi- 
'wtural purposes, or aa a fertilizing ingredient for soib, geolngieal 
"Ul will often prove of great value ; and in cases of high reaponsi- 
"Ultv, audi aa the erection of public edifices. Intended to endure to 
^"Uot ages, the united services of the geologist, the stone-mason, 
•"devEn tUe quarrj-man, may well be put in requisition, for practi- 
^wtists often acquire the skill to judge very correctly of the value 
w Bstcriala. The eiperienee of aE antiquity proves this to be 

Farioiu Bneks. — The same view may be taken of granite and 
^Itnile, and the schistose rocks of tlittt family, of porpbyries, traps, 
■ad Hapstonea, of sandstones and puddingatones or bri^cciaa. All 
'w» ate employed either in constructing the external walla or 
m forming the interior decorations of buildinga, as well an in forta, 
"tocka, bridges, quays, aqueduels, and roads ; and it ia of the utmost 
^portance that time and expense should not be bestowed upon ma- 
l«nids that are faulty or worthless ; for some kinds of sandstones and 
Wilones, and even granites, crumble away, upon exposure to the 
•ir wd the weather, and thus produce deformity and dilapidation, 
*twre everything should be solid and enduring. In general, this error 
•ay be avoided by a careful observation of the effects oi time tmi VVa 
*rallier ujiod sacb masses of rooks as cliance to be ptDHUfletA. thONa 



10 

7. SoBB pBATDBBs IK NoaTH Ambkicau Geology,— Perli«(« 
no country is mors favoured tlian our awn, in tbe nnture, abunduM^ 
varietj, and distribution of the moat important mineral treaauKS. 
Tbs limits of thesB preliminary remarka mn only present tho hkmI 
general snmmaiy of our geological formations, or at most admit d 
nothing more than a mere sketch ; but the materiala for infonnatiil 
are slrwidy abuodaat, and are yearly increasing, aa may be seen it 
the various public reports, in tbe transactions of our Icarneil auoietlHI 
and in our jooruals of science. 

Of the primary and transition rocts, to which wo may add tl* 
coal-formation and t!ie silnriaii, we have immense ranges, eitendiit 
in a north-easterly and eoutb -westerly direction through the cooli! 
nent, and comprismg most of the minerals, and many of the foslftt 
that are found associated with sach groups in thd old world. 

AUeghanira. — The Alleghanies (including many moimtains hatiii 
local names), following the general bearing of N.E. and S.W., H^ 
ranging hetween the Misaiaaippi and the Atlantic, form, with thA 
branches and oonneeted chains, the great rajn-shed of the coitalii> 
Mat and west ; and, rising to two, three, four, and five thonsail 
feet and more,* give direction to tbe streams and rivers, that Art 
either into the Miaaisaippt, tbe Atlantic, or the great lakes and thl 
St. Lawrence. 

Rorkj Momlitiiu. — In like manner, the far more fltnpendovl 
chains of the Uocky Monntaina, whose loftiest peaks are report^ 
to be between three and five miles high, j- give a geological ohuit 
ter to the regions east and west, in whioh directions the wRtMl 
flow to the Mississippi und the Faeifle, while other contribntioat 
descend to the Qidf of Mexico, and to the Northern Ocean. It is 
to bo regretted, that in the United States proper there are no 
mountain-ridges, or solitary peaks, that pierce the regions of per. 
petual cold. 

.Vuhm/ JVofhiiifflon. — Mount Wosbington, of the While Mountiun 
group in New ILunpshiro, which approaches a mile and a quarter 
in height, being in 44' of north latitude, on a continent whose 
average tempsratiu'c is many degrees below that of Europe, throws 
off its snowy mautle only for a short season, in July and August, 
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while it is dad in white during the remaining months of the jear. 
Etoi on the first day of September (1837), as adventurers upon 
this Alpine mountain,* we were, both on its flanks and summit, in- 
volved in a wintry tempest of congealed vapour, formed into splen- 
did groups of feathery and branching crystals, unlike to the snows 
of the lower regions : the driving masses came in fitful gusts, veiling 
in a white doud all objects far and near ; but breaking occasionally 
to admit a flood of solar light, and render visible this hoary pinna- 
cle and the deep gorges and valleys of the neighbouring groups of 
mountains. 

The mountains of Essex County, State of New York, between 
Lake Champlain and the St. Lawrence, approach the White Moun- 
tains in altitude, but none are permanently snow-clad. 

Mountains of Central Europe. — ^It is otherwise in Europe, where 
the grand central group of Mont Blanc, and the various Alpine 
mountains, rise far into the region of perpetual congelation ; and 
Hont Blanc would pierce that region even at the equator. Thus 
is provided an eternal storehouse of ice and snow, over whose wintry 
surface the winds, rendered heavier by contact, glide into the valleys 
and plains of the countries at their feet, and thus temper even the 
^arm climate of Italy, preventing the extreme vicissitudes which we 
' experience 

But these immense natural magazines have a still more important 
rektion to the irrigation of the vicinal countries. The melting of 
the snow and ice, by the heat of summer, supplies copious streams 
to feed the innumerable rivers that flow from these grand fountains, 
to almost every part of continental Europe, south of the Baltic. 
Thus the effects of drought are, in a great measure, prevented, while 
destructive mountain-floods are of rare occurrence. 

From the absence of such mountains we have no permanent 
stores of ice and snow, and, consequently, our rivers are liable to 
extreme variations of altitude and force. The Ohio, in midsummer, 
sometimes leaves numerous fleets aground, while occasional risings, 
from deluging rains, swell the river to an immense flood, that spurns 
the barrier of the banks, inundates villages and cities, and, expand- 
ing into an internal sea, rushes with wasting violence over the wide- 
spread meadows and farms. Por this reason, hydraulic engineering 
is in this country attended with peculiar difficulties, both on ac- 

* See Am. Jour. Science, vol. xxxiv. p. 74. 
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count of a deficienoj anii an excess of water; tlie former reni 
ing tlie n-orka inoperative, and the latter invading or aweepiog the 

The future civilized inhaliitants of the conntries near the !Roa^ 
Mountains (eicepling, of course, t!ie immense sandj deserts, whid^ 
near the eastern slope, emukta the aterilitj of Arabia and Zahai^' 
will enjoj adymitBges in many reapeeta similar to those of Piedmonli. 
Switzerland, Gbrmanj, and France ; and it is easy to predict, tbit 
peculiar structures, and a peculiar atate of society, will be modellej, 
upon the sublime physical features of those tmlj Alpine regions 
From this, his imtiye land, we have too much reason U) expect, thstj 
despite of tlie efforts of the benevolent to avert the impending doo% 
the red man of the forest, not reclaimed to humanity, but abandoiwA 
to his fate, will vanish before the knowledge and power, and the still 
more prevailing seductiona, of civilized life,— -the extei 
of cupidity and cruelty. 

laflaeace of Geiilogiml StraHvre on Society. — It is perfectly appamit 
to geologists, that the scenery of a country is not more exactly stampe4 
by its geological formutioos than are the manners and employmeota 
of ita inhahitanta. 

New Bagland. — Thua the bleak hills and long winters of Se» 
England being unfavonrahlc to the most extensive ani^ profltahl^ 
agricultural pursuits, while the extensive and deeply indented 
coasts, abounding in harbours, headlands, rivers, and inlets, naturaUj' 
produce an impulse towards the ocean, conspire with the origintl 
adventurous character of the population, to send them roving from 
the arctic to the antarctic circle, till the wide world is lad under 
contribution by their enterprise. The numerous streams and water- . 
falla fumiah the cheapest means for moving machinery, and thus nor- 
nufactoriea spring up, wherever, in the espressive phraseology of the 
inhabitants, there is tBaler-junefr, and steam supplies local d^cienues 
of moving force. Ingenuity, conspiring with a general system of 
education, ia excited, under such culture, to produce numerous in- j 
ventiona ; and hosts of young men seek theur fortunes sucoessfuUj I 
abroad as mechanics, seamen, traders, instructors, and politicians, 
and thus operate powerfully and, we trust, beneficially, on othM 

SoHliem Slalet. — The immense tracts of rich alluvium in the 
southern Stntes, — the mildness of the climate, — the coasts less 
Bbotmiling with safe iuJets, and often raodifled hj the action of the 
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existing ocean, with a population not originally commercial, give a 
decided impulse to a vast agriculture, and a few great staples form 
the chief reliance of the landholders. It is easy to see, that this 
state of things grows out of the newer secondary, the tertiary, and 
the alluvial formations, which constitute the ocean-barrier from Staten 
Island to Florida, and from Plorida to Texas, extending inland to- 
ward the mountains. 

Vettem States. — In the west, the boundless fertile prairies and 
other tracts of productive soil conspire with remoteness from the 
ocean to indicate agriculture and pasturage as the main employ- 
ment of the inhabitants ; while exliaustless beds of coal, limestone, 
gypsum, and iron, and rich veins of lead and copper, and numerous 
and copious aalt-fountains, furnish means for a manufacturing as 
veil as an agricultural population. These pursuits occupy the 
greater number of the people, while many ilnd a profitable employ- 
ment in navigating those immense inland seas, the great lakes, and 
the vast rivers, which run thousands of miles before they mingle 
with the ocean. This state of things is the result of the immense 
ertent of the lower secondary and transition formations which cover 
the western States, sustaining portions of tertiary strata and alluvial 
deposits. 

While New England produces granite, marble, and other building- 
materials of excellent quality, Pennsylvania, with the western and 
several of the southern and south-western States, supplies inexhaust- 
ible magazines of coal, which prompt and sustain the manufacturing 
interests of this wide country, and aid its astonishing navigation by 
steam, already of unexampled extent on its internal waters, and 
destined at no distant day to compete, on the main ocean, in amicable 
rivalry, with our parent country. 

Geological TrecuHures. — Our coal -formations, in richness and extent, 
are unrivalled in the whole world ; our iron and lead are in the 
greatest abundjinee and excellence ; Missouri has mountains of pure 
oxide of iron, that have no compeers, and there is a fair prospect 
that copper will also be found to abound in the West. We have 
great deposits of limestone and marble, of gypsum, marl, and salt, 
and of building-stones of almost every kind ; our soils are so various 
in quality, and in poo^raphical position, that almost every agricul- 
tural production is obtained in abundance. It is obvious, then, that 
we have all the physical chmcnts of national and mdW'\i\\ii\\.\iXVi\?>\>m\:^, 
MjJ that the blame will be our own, ii we do not ioWovf Wvcm^Y Vj 
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proper moral and intellectual culture, wbich alone can render lien 
sourcea of public and private happiness. 

Gaologicitl Dtfieiaieia. — Upper SeeoHdary. — Of the upper s 
ary, below the chalk and above the new red sandstone, lying highM 
than the coal, we have no well-ascertained strata; rocks of oolitic 
structure ve ma; have, but it is not ascertained that we have tbs 
true Oolite of England and continental Europe, nor have we traced 
the Wealden nor the Lias • with their colossal animal wonders.f 

SqvhaleiU of Cialk. — Chalk, properly speaking, appears to l» 
absent from the United Btatea ; but there is an equivalent to tlw 
chalk-formation in vast beds of sands and marls. » 
J^uropean cretaceous fossils, between the Delaware river and tbB 
shores of New Jersey, as weC as in various places in the south-t 

Abiente o^KofcoiKu.— The principal dcBcienciea in the geological 
formations of the United States are in the absence of active volcanoa, 
and of most of the members of the upper aeooniiary. However in- 
teresting active volcanos, with their earthquakes and eruptim 
be to speculative geologists, the sober unscientific population 
States may well rest conteotod without them, satisfied to barter thft 
sublime and terrifio for ijuiet and safety. Although the soils fonned 
from deoonipoaed lava are often fertile, and fhe vine flourishes luxn.- 
rianlly on the flanks and at the feet of ihe volcanic mountains of 
warm countries, these influences ore too local to be of much import- 
anoe to agriculture. 

Within the United States proper, including the states and teni- 
toriea. beyond the Mississippi and east of the Alleghany Mountain^ 
there is not, so far as we know, a single active volcano, nor even )Ui 
unequivocal crater of one that ia dormant. It remains jet to be d»- 
cided, whether in and beyond the ittocky Mountains, quite to tho 
shores of the Fadfic Ocean, there are any active volcanos within 01 
parallels of btitude. Both north and south of our limits, there ai^ 
on the islands and shores of the Pacific, numerous volcanos, and it 
would be strange, indeed, if there were none within oux cxtentiTe 
possessions on the same coast. 

Seeordi ^ volcaide action i* lie far Weit. — However this nuy be, 
• It ii pliln ihu ihc LIm, 10 ci11>d, in thd W»t. f> nK llko Ibe Liu of England. 

■nol B.y {N. W. coull. md In ChllL— Enii. 
tbr UaUtasutem, I I'll. &VO. villi plUei ^ \Wl. 
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(cmnJns no doubt that fire haa done its work, on a grcut scale, 
I uamg the Rock; Moimtaina, and between them and the Pacific ; 
■^l for all DDT travellers slteat the existence o£ inimensc rcgiona covered 
u^l nhh scofiEB and other decidedly igneous products, as if there had 
;,;, I been actual and vast eruptions, within a period too short for decom- 
. ., / poutiun to have redaced those tumefied and scmt-vltrilied nuisses 
^ ' into soil. 

iTrap and Satalt.—Bcgoiai formations of trap, and of basalt wilh 
ayimiietrical columns, are common among iind bejood the Rocky 
Uoimtuns, and the rocks of this igneous family arc frequent i 
ntnj parts of the old United States. They abound in New Eng^ 
kod, New Jersey, and the CoroUnas ; and, as usual clsewbcre, they 
^intrude tbeir dykes among the rocks. In New England, and espo- 
uaHy in New Hampshire, they often divide the primary rocka, cut- 
Iliug even granite-mountains from top to bottom ; branching out, ii 
bwlj places, with numerous veins either dying away to extinction, 
% perohonce, returning again to the main current after having cut 
"ff » portion of the invaded rock. The White Mountains of New 
Bampihire abound in such phenomena, 
Siiulai intnuions are found in the moontains'of Essex, Lake 
Cbamplain, New York, and in many other places, and the primary 
I !^>i!ka on the coasts of Miusachusetts and Maine, as well as in the 
•"tmior, are wonderfully cut up by invading veins and dykes of trap, 
."^salt, and porphyry, and even of granite Itself. It appears, also, that 
^ the State of New York, limestone and other rocks, including the 
i'^imarj, and not excepting granite, are traversed by intrusive trap.* 
Tertiary Formations. — Our tertiary formations are exceedingly ei- 
^^Juive, and are rich in fossil remains. They bound a large portion 
f the Besrcoasta south of New England, quite to the Mexican gulf, 
^<^ np the Mississippi and Missouri : these oceanic deposits arc also 
*'^und, extending hundreds of miles into the interior from the coasts, 
^lere, aa well as near the sea, they furnish, in their calcareous marls, 
*Jaexhaustible resources for ugTicultuie. Even on the shores of New 
-tlngland, there ore marine tertiary deposits, as at Gay Head, la 
*4artha's Vineyard, and elsewhere in that vicinity ; while there are, 
*** every part of the United States, Innumerable inland deposits of 
ireah-wat*r tertiary. 

Boutden. — In boulders and toeks of transport our country 



abonnds ; vast rtgiona of older aecondarj and transition strata arfl 
occupied, more ut lens, bj ruins of primary rocka, some of them' 
vast sif e, while the primary conntriea themselves, and the tranmiiii 
too, are marked by their own ditjeeta membra. We are preoludoS 
by otir limits from discussing the causes of their transportation 
whether bj floods, ice-floes, or other motive powers. It is alraoil 
imnecessary to remark, that pebbles, gravel, and sand are foond, II 
in other countries, transported and distributed, without doubt, bj 
the action of water, ' 

8. Bbadtt and interest op Gboudgt ab a Science. — In » 
lation to the beauty and interest of geology as a science, 'we oM 
hardly trust ourselves to write, since, witlun our prescribed limiti 
we hare no room, and there is little occasion to describe that whiol 
our Author baa, everywhere, treated with signal ability and dS 
quenee. It may, liowever, serve to engage tbo attention of UiM 
to whom geology is a terra iBCogaita, if we, in this place, Temrf 
that no field of science presents more gratifying, astonishing, 
(but for the evidence) incredible reaults. It teaches ns that 
has been but a few thousand yeaj^ a tenant of this world; 
nothing which we discover in the structure of the earth would loj 
na to infer that he existed at a period more remote than that assigS 
ed to him by the Scriptures. Hod he been contemporary with II 
animals and plants of the early geological periods, we should hal 
found his remains and bis works entombed along with them. 

This ai^umeut forcibly impressed the mind of Eishop Berkeley 
century ago, and the following beautiful passage is cited &om him Ij 
Sir C. Lyell : • — " To any one who considers that, on digging inti 
the earth, such quantities of shells, and in some places hones 
horns of animals, are found sound and entire, after having 
there, in all probability, some thousands of years, it would s 
probable that gems, medals, and implements in metal or stonl 
might have lasted entire, buried under ground forty or fifty tho»W 
sand years, if the world bad been so old. How comes it then Iffl 
pass that no remains are found, no antiquities of those numennij 
ages preceding the Scripture accounts of time ; that no fmgmenttj 
of buildings, no public monuments, no intaglios, cameoa, statue%| 
basso-relievos, mcdab, inscriptions, utensiLi, or artificial works of txsj 
kind, arc ever i^scovcrcd, which may bear testimony to the existence 

• l-rincipm, Bib Ed„vol.lH.p,aM. 
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of those mighty empires, those successions of monarchs, heroes, and 
demigods for so many thousand years P Let us look forward for 
ten or twenty thousand years to come, during which time we will 
suppose that plagues, famine, wars, and earthquakes shall have made 
great havoc in the world, is it not highly probable, that at the end of 
such a period, pillars, vases, and statues, now in being, of granite, or 
porphyry, or jasper (stones of such hardness as we know them to 
have lasted two thousand years above ground without any consider- 
able alteration), would bear record of these and past ages ? Or that 
some of our current coins might then be dug up, or old walls and 
the foundations of buildings show themselves, as well as the shells 
and stones of the primeval worlds which are preserved down to our 
times."* This remarkable passage proves that the great man from 
"whom it fell saw the geological argument in a true light, and felt its 
force to such a degree as to convince him of the great antiquity of 
the earth, which he justly viewed, as in no way inconsistent with 
the comparatively recent origin of man, or with the historical ac- 
count of both events contained in the Genesis. It is easy to under- 
stand how such a mind would have been convinced, warmed, and 
excited even to enthusiasm by the discoveries that have burst upon 
us during the last fi% years. 

9. Orgajiic Remains. — As we descend from the alluvial soil un- 
der our feet, through the strata, the lowest of which lies upon the 
granite or the early slates, we are seldom without the records of life, 
^ ages long past, and those records are drawn both from tlie animal 
and vegetable world. 

Earlif Animals. — Shells of molluscous and testaceous animals 
are everywhere seen ; their forms, their casts, their substance, are 
apparently preserved in stone, but generally converted, by the sub- 
stitution of mineral matter, into true fossils. Myriads on myriads 
of these tilings are found, not merely in the superficial strata, but 
•n the heart of the mountains, and at profound depths, forming an 
essential part of the solid framework of the globe.f The animals 
3nd plants are not accidental resemblances, but authentic specimens 
of ancient organisms, enclosed in the strata and mountains, as the 
inaterials, in mechanical or chemical suspension in the waters, con 
creted around them. 

• Alcipbron, or the Minute Philosopher, vol. ii. pp. 84, 85. 1732. 
^ See the list of strata formed wholly, or in ^reat part, of OTgaivk TeTaaitv&,\xv out 
A ithor's Kijjhth 'Lecture; aad in bis "Medals of Creation.^' 
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IbmS Fiiiei. — If we descend from the atrata of newest fo** 
ation to those thai lie near or upon the primar; rocks, wc &!. 
not only that crustacoous and moUuacuus unimals, of various kinill 
have existed ia the earlj periods, bat that fishes have occupied tit 
waters of almost all geological ages since life iicgitn, and that Bmol^ 
the eu'lieat, even those that are buried beneath the caaJ, there wall 
races of great size, power, and ferocitj ; formidable from their tedk 
and jaws, which had, in some species, a stnicturc like those tt 
reptiles ; and the; had forked tails with unequal flnkes, which m. 
abled them quickly to turn over on their backs before striking thdl 
prey. The fossil fishes of particular genera and species are charatt 
leristie of particular geological formations — they extend geograpllSi 
I'uUy, far and wide, to distant coimtries, so that certain species rn^j 
if found at all, be expected in simibr rocks in Europe, in Americ^ 
in Asia, and Africa ; and they are of ever; size, from inches, nti 
fractions of an inch, to several feet. They occur either solitary, d 
in groups, or in ^agmcnts, or in immense shoals, like those of Monfj 
Bolca, near Verona, in Italy, where there are several hundred ap^ 
cies ; still, scarcely a sin^ fish of the strata that precede the moq 
ce«!nt tertiary is identical ia gpecies with any now existing in &^ 
waters of tlie globe. 

FosiU Fegelablei. — Vegetables are found in strata of nearly d 
geological ages, and the labours of Count Stembei^, of M. Adolpltl 
Brongniart, aid. of many other able botanists, have proved that 1 
peculiar vegetation, adapted to the temperature, the degree of moii 
ture, and other circumstances of the earth's successive surfaces, n 
tended the different geological epochs. 

Splendid and expenaive works are now in the hands of geologist^" 
containing exact delineations of the fossil vegetables, as far ua th^f 
have been ascertained. These fossil plants are of oU dimension^ 
from minute confervic and lichens tu gigantic trees; their strtw 
tore, &om mere fragments to perfect plants, has been beaDtifol^ 
delineated ; roots, trunks, branches, and leaves, with the most de> 
licate ramifications of the skeletons of the latter, have been BSr 
aminedi and in some rare cases, the more perishable orgaoio fruqti-' 
flcalion has been made out, and the fruits themselves have been' 
identified." 
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yfi/elalion of the Cmtl-pmod. — The most eiuherant Tegetatioii' 
^ypeon to have been that of the coal-period, and its entombed trw-' 
snres now snpplj the world with fuel, eapeciaUj in countries whert 
the forests are exhausted, or where eeonomj of the modem veget- 
ation, or preference tor the resnlts of the anoient, decides tiat 
choice. 

F'arieliea of the Aiuneai Fotnil Ftgetatioit. — The ancient vegetation 
Appears ha man; forms, as in that of lignite, of coal, and of sihceona, 
calcareotis, and ferrupnoua petrifactiona, atill preserving (he pecn-i 
liKr stmcture ; and this has been made still more distinct and satis> 
^ctorf, by cutting thin slices of the petrified trunks, and grinding, 
*ilem down nnti! they become transparent, when the miorosoop»| 
**Vea]a the internal stmeture which chatscterizes the family. Thus, 
rt bus been made to appear, that eonifei'OUB trees of foreat-growtJl' 
'H^ur in the coal-fonnatioti in the aoatb of Scotland and the nortli 
*•• England; and that zamias and other palm-like trees were coeval, 
*itb the chalk in the south of England. Bnt no species of the 
***cient world are identical with anj of the modem, and the ea^ 
^■egetation implies, gener^y, a warm and moist climate and great 
'•BMility of production. 

Aquatic Animals. — Seplilsi. — The abundance of remains of 1 
**iiiDab, almost esclusively of mariae species, attests the great pre- j 
*^ence of the ocean in the earlier geological periods, and it is not i 
'^^itil we have passed the coal in the ascending order, that we begin j 
t*i End reptiles of marine or ot amphibious families, and ultimatelj, ] 
*tiU higher up, of terrestrial races. With a similarity of typo to \ 
*Jie families of the present day, both the genera and species are^. i 
**Owever, with but very few exceptions, eitinct. Some were csr- I 
'^voiOQS, and swam in the stmllow seas, estuaries, lagoons, and bays, 
*tid preyed upon fislies, molluscous animals, a:id each other ; ' 
*<ime lived on land and were hcrbivoroua; a few genera, the me- | 
%alosaurus and iguanodon, for example, were colossal in size and . 
terrible in form, but it ia probable that the latter of these terres- • 
t*ial saurians was hurmlcsa and inoSensive, while the tooth of the 
■n^alosanms would indicate a carnivorous animal, like the marine , 
VKirimia. £ones of man; genera and species of the reptile tribes, | 
specially the saurians, have been found, and of some individuals, I 
entirt, or nearly perfect skeletons ; — nmong them, se^CtaV tA '(■Mlt 
1 hare been discortreii enclosed ia t\\e aotii toi^, 
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along with their petrified and half-digested food, and with their 
coprolites. 

Marsupials. — If the reptiles formed the transition from the marine 
animals upward, the marsupials, as they are called, were the link 
between the ancient reptiles and terrestrial quadrupeds. The mar- 
supials, of which the opossum is an example, receive their young 
(which, when bom, are still immature) into an exterior pouch or 
abdominal sack, and there nourish them at their paps, until they 
are fitted to go abroad, and to encounter the vicissitudes of their 
peculiar modes of life. These are the only animals hitherto found 
below the chalk which approximate to the proper terrestrial charac- 
ter. Dr. Mantell has, however, found the bones of birds in the 
Wealden beneath the chalk, and our own countrymen. Professor 
Hitchcock and Dr. James Deane, have discovered numerous tracts of 
bipeds, probably of birds, some of them of gigantic dimensions, in 
the new red sandstone of the Connecticut river. 

Fossils of the Chalk and Tertiary. — The chalk then follows, with 
its immense and varied marine treasures, — fuci, corals, echinoderms, 
mollusks, fish, reptiles, with drifted wood, &c. : and then the lower 
tertiary, still marine : and next, the middle tertiary, where proper 
and fully characterized terrestrial animals are first found in abund- 
ance. Through the remaining beds of tertiary, both marine and 
fresh-water, we find molluscous animals, fishes, reptiles, and veget- 
ables, verging towards, and many identical with, those of our own 
times; and occasionally we discover also terrestrial animals, but 
mostly different from the modem ; until, at last, in the diluvium 
and alluvium, and the most recent sedimentary and concretionary 
formations, we discern animals and plants, still more and more like 
those now living, and finally graduating into perfect identity with 
existing races. 

No Fossil Remains of Man. — Man and his works appear only in 
the last stages, associated with such beings as now exist, both in 
the animal and vegetable world. The pages of our Author will 
disclose the great variety and extraordinary forms, and, in many 
cases, colossal dimensions, unrivalled at the present time, of some 
of the ancient animals, the megatherium, the sivatherium, the 
dinotherium, the mastodon, the elephant, the hippopotamus, the 
rhinoceros, the cavern bear, the tiger, and many others. But in 
stBse^nence of the most recent discoveries of geology, we are 
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hurried from tliat which is stnpendoua and vast, to Diftt which is 
inconceivably minute. He Extremes of crealion meet in the mineral 
kingdom. In the solid rocks are found both the colossal reptiles 
and the microscopic infusoria. Ehrenherg has discovered that polish- 
ing slate is made up of the cases or shells of infusoria so minute, 
that forty-one thousand millions of them are reqaired to fill a cubic 
inch, and these siliceous lihields are the cause of the well-known 
effect of the Iripoli, or rotten stone, in polishing steel, &c. An ana- 
logoaa constitution has been discovered in certain flint, opal, and 
>>og-iroii ; and eitensive deposits of marl, &c., in this comitry, are 
composed of similar remains, figures of many of which have been 
griven bj Professor BaUey, in the American Journal of Science. Even 
the soft parts of the fontminifera have been detected in the chalk 
ajid flint of England by onr Author.* 

10. GbneejO. Reuakkh, — Such is a very general and imperfect 
sketch of the progressive groups of animals and plants tbat bare 
i-nhabited our world, have become extinct, and are, in countless 
myriads, entombed in the strata and in the solid rocks. It is only 
«sn the upper surface that we discover loose and scattered boulders 
^ud fragments of rocks, and beds of gravel, sand, and detritus, 
t he ruins of more ancient strata ; in short, snch HccumTilatiDns of 
<3rifted and alluvial materials as we could with reason attribute to 
^^ataalrophes of rising and rushing water, the deluges of geologiata, 
«)r the deluge of the Scriptures ; the latter,*lmost alone, being ad- 
*iiitted to the contemplations of those who are uninstracted in onr 
science. Now, it is a matter of physical demonstration, that the 
«arth existed for many ages before Man was created; the whole 
conrse of geological investigation proves this view to be the only one 
that is consistent with the facts. To be convinced of its truth, it is 
cnly necessary to become thoroughly acijuainted with the innumer- 
able records of a progjessive creation and destruction which the 
earth contains, inscribed on medals, more replete with historical 
truth, and more worthy of confidence, than those that have been 
formed by man; as much more as nature exceeds in veracity the 
erring or mcndaeions records of the human race. 

11. COKSISTENCY O? GeOLOOY WITH THE ScBIPTTJHE HiSTORY.— 

iUtdlv two centuries have passed since the astronomical doctrines 
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of GiUileo, Kepler, and Newton were regarded il3 inconsiatent n 
tbc Soriptures, and therefore heretieal ; but, although the dlscrepoucy 
of the literal meaning of the £ible with the real truths of astronomj 
ii Btill aa great aa ever, no one anj longer hesitates to regard ai 
noDif B3 giving a just view of the stupendous mechanisni of the 
Universe ; — all agree in understanding the language of the Soriptorea 
as being adapted to the appearances of the heaFens, of vhicli alona 
mankind in general can form any just conceptluD, and with whicii 
alone the Scriptures are concerned. The Sible, being designed as a 
code of moral instruction, aa a revelation of a future life, and of tbe 
sanctions that belong to that momentous suhject, containa no systeniB 
of philosophj. Moral science, essentially contained in the Scrip' 
tures, is not, even there, presented in a reg^ilar form, as in human 
systems, but in modes more bappQj adapted to the actual condition 
aiul capabilities of mankind. 

In relation to physics, the inibrmation contained in the Bible 
odIj incidental, God is declared to be the Creator of the heavei 
and the earth, — the physical univerae,— and throughout the sacit 
Tolume there are innumerable allusions to, and illustrations of^ his 
character, as its Creator and Governor: but there is 
moat general outline of any physical science. The creation of tlie 
heavens and the earth, of the sua and the moon, are disposed of wilh 
eitreine brevity, while the allusions to the geological arrsngeinents 
of this planet are only such as are connected with the first appear- 
ance of its organized beings, and the emergence of the land from the 
original ocean. 

Instruction in the sciences was not the object of the Scriptui 
the physical creation was left by its Divine Author for the deli^t- 
ful exercise of our faculties, and to afford an inexhaustible source of 
mental and moral pleasure ; — for application to use, to increase the 
power and the comforts of man — an equally unfailing fund of im- 
provement, and for the additional illustTation of the character of God ; 
an eihanstless fountain of knowledge, minghng its streams harmoni- 
ously with those of divine revelation. 

Prom the study of the physical creation, Man has, therefore, 
drawn all the natural sciences, of wfajcb Astronomy is the most 
sublime and splendid, while Geology yields, in this respect, only to 
astronomy. Neither astronomy nor geology is, however, enuncidted 
in the Scriptures, hut both are revealed in the book of Nature, KoA 
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the astonishing truths whioh they unfold have been bronght to light 
by human research. 

While, as already remarked, the science of astronomy is, in fact, 
inconsistent with the apparent movements in the heavens, and, 
therefore, with the literal and popular phraseology of the Scriptures, 
which allude to physical things as they appea^ to the uninstructed 
mind, and not as they are in reality, — geology presents not even 
this discrepancy, but, on the contrary, a substantial agreement in 
its facts with the Scriptures. The latter describe a physical crea- 
tion of mineral matter, and a successive creation of plants and 
animals, ending with man ; while geology, by irrefragable demonstra- 
tions, which nothing but a study of the earth could afford, proves 
thi8 history to be true. 

The Scriptures describe a universal deluge ; and geology shows 
that every part of the earth is marked by the effect of such visita- 
tions, occurring at one time, or at many times ; — a repetition of 
local deluges, or a general one, would produce similar results ; and 
although it may be impossible to distinguish between the accumu- 
lated effects of local overflows, and a general diluvial devastation, 
the surface of the earth is everywhere strewn with diluvial debris. 
The Scriptures declare that there was a beginning, and geology 
proves that there was a time when neither plants, nor animals, nor 
•^an existed ; but both the Scriptures and geology are silent as to 
^lie period when the fiat of the Creator first called our earth and the 
p'anetary systems into being. It was, doubtless, in very remote an- 
tiquity, but the commencement is known only to Him who has 
nn'ther "beginning of years, nor ending of days." 

Thus the consistency of geology with the early Scripture history 
'8 susceptible of a perfect and triumphant defence, but it is not to be 
found in the refinements of exegesis, nor in the forced solution of 
a general deluge, which is entirely unsatisfactory, and, indeed, im- 
possible, as a cause of the regular formations of the earth, immensely 
Varied as they are, and exuberant in the relics of many successive 
faces of the animals and vegetables of past ages. But this consist- 
'^ncy is found in the regular induction from facts, in the just un- 
Qprstanding of time, and in its extension back beyond the creation 
^*f man, so far as to embrace the innumerable events that have cer- 
tainly happened in the material world. 
To this conclusion the religious mind is fast approa.c\mWv ^^^^ 
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its arriyal at the goal of truth is as certain as the pn 
time ; and the period is near at hand, when the great dedv 
Geology, Uke those of Astronomy, will be viewed by the ii 
and instructed as in perfect hannony with the Scriptures 
affording new proofs of the wisdom, and goodness, and om 
of the Etbbnal Beino, who *Un the beginning created th 
and the earth}* 
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LECTURE I. 



at ffBolDBleHl EpudliB. 



:l. Ddtu of llie Oani 



1. Inteoductobt. — An. eminent philosopher* has justly re- 
marlted, that in order to obtain a proper sense of the ioter- 
est and importance of any science, and of the objects which 
it embraces, nothing more is necessary than the intent and 
persevering study of them ; for snch is the consun 

■ Profesaor Sedgwick. 
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lection of all the works of the Creator, that every inquirer 
will discover a surpagaing worth, and grace, and (lignity, in 
that eapecid departnieut of knowledge to which he may pe- 
culiarly devote his attentioQ. Whatever walk of philosophy 
he may enter, that will appear to him the path which is the 
most enriched by all tliat ia fitted to captivate the intellect, 
and to escite the imagination. Yet before we can attain 
that elevation from which we may look down upon and com- 
prehend the myateriea of the natural world, our way must be 
steep and toOsonie, and we must learn to read the records of 
creation in a strange language. But when this knowledge 
is once acquired, it becomes a mighty infitrument of thought, 
by which we are enabled to lint together the phenomena of 
past and present times, and obtain a domination over many 
parts of the natural world, by comprehending some of the 
laws by which the Creator has ordained that the aetiona of 
material things shall be governed. 

In the whole circle of the sciences, there is none that 
more strikingly illustrates the force and trutli of these re- 
marks than Greology ; none which offers to its votaries re- 
wards so rich, so wondrous, and ineshaustible. In the peb- 
ble under our feet and m the rude mass of rock or clay in 
cliff or quarry the uninstructed eye would in vam seek 
tor novelty or beauty like the adventurer in Eastern fable, 
the mquu-er finds the cavern closed to his entrance, and the 
rock refusing to give np the treasures entombed within its 
stony sepuluhre until the talisman is obtained that can dis- 
Bolte the endiantment and unfold the marvellous secreta 
which have so long lain hidden 

2 Natpub of Geology — To the mind that is unac- 
quainted with the nature and results of geological inquiries, 
and which has been led to believe that the globe we inhabit 
is in the state in which it was first created, and that, with 
the exception of the effects of a general deluge, its surface 
has undergone no materia] change, many of the facts to be 



noticed in the course of tbeee lecturea may appear almost 
inwedible, and the inferences drawn from their investiga- 
tion be regarded ae the vagaries of the imagination, rather 
than as the legitimate deductions of Hound philosophy. If, 
therefore, it be absolutely necesaary, as it unquestionably 
is, that in the pursuit of knowledge of any kind, before even 
experience can be employed with advantage, we must dis- 
nu'es from our minda all prejudices, from whatsoever source 
they may arise, this mental purification becomes the more 
udigpensable in a science like geology, in which we meet 
it the very threshold with facts so novel and astounding ; 
fcctB which prove, that, though man and other living things 
he, ae it were, but the creation of yesterday, the earth has 
teemed with nuniberleaa forma of animal and vegetable life 
ianiif^ myriadH of ages ere the existence of the human race. 

Geology may be termed the phyaical history of the earth, 
—it comprehends the investigation of the mineral structure 
of our globe, and the characters and causes of the various 
(hanges which have taken place in the organic and inor- 
ganic kingdoms of nature. It haa been emphatically deno- 
"liiated by one of our most distinguished philosophers the 
'liter science of astronomy. But, relating a^ it does to the 
lattory of the past, and carrying us back, by the careful ex- 
■Qiination of the relics of former ages, to periods so remote 
M to startle all our preconceived opinions of the age of our 
pltQet, the fiite of its early cultivators has resembled that • 
of the immortal Galileo and the astronomers of bis times ; 
>U)d for a similar reason, namely, the auppoaed discrepancy 
between the discoveries and inferences of this science, and 
tbe Mosaic cosmogony. 

3. Habuont between ItEVELiTioH AtTD Geology. — 
There was a time when every geologist was compelled to 
wend himself against imputations of this kind ; and it is 
•ieeply to be regretted, that there still exists in the minds 
of many well-meaning persons a prejudice against the atudj 
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other by vast intervals of time, during which this world va0 
ttieuuDg with life, ere the creation of man and the animiJ^ 
which are his eonteinporariea. 

4. Ddhatios of geological epochs. — At the first step 
we take in geological investigations, we are struck with the 
e jjeriodfl of time which the phenomena presented to 
1 must have required for their production, and the 
incessant changes which appear to have been going on in the 
natural world. But we must remember that time and change 
are great only with reference to the faculties of the beings 
which note tliem ; the insect of a day, contrasting its ephe- 
meral life with that of the flowers on which it resta, would 
attribute an unchanging permanence to the mOHt evanescent 
of vegetable forms ; while the flower?, the trees, and the 
forests would ascribe an endless dtiration to the soil on which 
they grow : and thus, uninstructed man, comparing his tran- 
sient earthly eiistence with the sohd framework of the world 
he inhabits, deems the hills and mountains around him coeval 
with the globe itself. But with the enlargement and culti- 
vation of his reasoning powers, man takes a more just, com- 
prehensive, and enlightened view of the wonderful scheme 
of creation; and, while in his ignorance he imagined that tha 
age and duration of this planet were to be measured by hii 
own brief span, and arrogantly deemed himself alone the 
object of the Almighty's care, and that all tilings were created 
solely for his pleasures and necessities, he now becomes coi>- 
scious of his own insignificance and dependence, and enter- ■ 
tains more correct ideas of the omnipotence and goodness of 
his Creator. And, while exercising bis high priiilege of 
being the only creature endowed with the capacity of con- . 
templatiug and understanding the wonders of the natural 
world, he learns that moat important of all lessons — to doubt 
the evidence of his senses, until confirmed by cautious and ] 
patient observation. 

With these introductory remarks I proceed to the con- 




structuhe of tiik earth. 3X 

mtionoftheHubjflcts aelected for the present discoums, 
iwing, that, from the magnitude and diveraity of the ob- 
b embraced by geology, it ie acareely posaible to offer, in 
iBJgned to a couree of popular lectures, even an 
fpitome of the marvels whioh modem reaearchea have brought 
to li|,4t. This conaiderntion, therefore, muet be my apology 
for thp ronciae manner in which many iutereating facta will 
te noticed j and I would beg of you to consider that lectures 
of ttiis kind can only present a general view of the philoao- 
fhj gf geology ; that they are calculated to excite, rather 
tW to aatiafy, a. ratioDsl curioaity, and cannot supersede 
tHeaetoMity of study, and of pernonal investigation. 

fi. SnucTDRB OF THE EABTU. — The globe we inhabit is 

» planetiry orb, ahout twenty-four thousand miles in circura- 

fbreure, and of a Hpheroidal shape ; ita Hgure being such 

ui fluid body made torotat« on ita axis would aasmne. The 

■"Win denaity is five timea greater than that of water ; that 

"f Ibe interior being double that of the aolid external case. 

ffcm astronomical obaervations, the original cruat of the 

'^rth is BuppoBcd to have been a superficial coating of aolidt- 

Bed matter, producod by the cooling of the surface of an 

^candescent fluid globe ; and on this shell or crust have been 

"Ipwly accumulated, during the lapse of innumerable agea, 

^ne roclis and strata which form the more immediate objects 

^ geological inyeatigation. The thickneaa of the solid crust 

Of the earth is computed at from 800 to lOOO miles, but it 

*s not auppoeed that thia ahell ix uniform in extent or density ; 

II the contrary, it is probable that it ia cavernous, and that 

liquid masses of mineral matter, in various states of Huidity 

v>A incandescence, are diatrihuted throughout the interior 

«f the globe. Some of these subterraneous lakes of molten 

rock are probably isolated ; others may communicate with 

each other by channels more or lesa pervious ; and the ei- 

letuive distribution of such sources of heat is supposed to 

ai^count for the phenomena oi eartlniunkea aui Noi.ta.tvc&i 



nnd for the conatant increase of temperature beneath the 
Biirfuce of the earth, in proportion to the depth that i 




The earth's Burface is computed at 190 millions of square- 
miles ; of which three-lifthB are covered by seas, and anothef 
large proportion by yaet bodies of fresh water, by polar ice^ 
and eternal snows ; so that, tnking into consideration sterile 
tracts, morasses, &c,, scarcely more than one-fifth of I 
surface of the globe is fit for the habitation of man and ter- 
restrial animalB.t The area of the Paciiie Ocean alont^ 
estimated to be equal to the entire surface of the dry land. 

■ Sue the prDfouiid iiiTcstigiLtimia " On the slate of the bterior of t) 
Earth," by Willinm Hopkins, Esq., FAiloa. Traai. for IH39 and 1613; 
and "On lh« Earth's temp oral ii re," Joiim. Geol. Hoc,, vol. liil., p. 56; 
B«e aisa his Prcaidential Address ia the same volume. 

t BaliBwell's Geology- 
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t^l The distribution of the land is exceedingly irregular, the 
heater portion being situated in the northern hemisphere, 
^ a reference to a terrestrial globe, or a map of the world, 
^iU clearly demonstrate. 

In a geological point of view, dry land is that portion of 

^Ixe earth's crust which is now above the level of the water, 

^^neath which it may again disappear ; and from accurate 

^^^culations it is proved, that the whole of the materials 

^^ompoeing the present land might be distributed over the 

^^d of the ocean in such manner that the surface of the 

^Xobe would present an uninterrupted sheet of water ; thus 

"^^'"e perceive that every imaginable distribution of land and 

"^'VTiter may have taken place, at different periods, in the 

^mrlier ages of our planet. 

6. G-BOGBAPHICAL DISTEIBXJTION OP ANIMALS AND PLANTS. 

^* — ^The investigation of the laws which govern the geogra- 
l^hical distribution of animals and vegetables is highly inter- 
esting ; but, as my limits compel me to be brief, I must refer 
^ou to Sir C. Ly ell's " Principles of Oeohgy " for a full 
Consideration of the subject. It will be sufficient for our 
Jiresent purpose to state, that, although it might have been 
^^xpected, all other circumstances being equal, that tlie same 
Animals and plants would be found in places of like climate 
5^nd temperature, this identity of distribution docs not exist. 
^When America was first discovered, the indigenous quad- 
"Tupeds were all dissimilar to those of the Old World. The 
elephant, rhinoceros, hippopotamus, giraffe, camel, horse, 
Buffalo, lion, tiger, &c., were not met with on the new con- 
tinent ; while many of the American mammalia, as the llama, 
jaguar, coati, sloth, &c., were unknown in the old. New 
Holland contains, as is well known, a most singular assem- 
blage of mammalia, consisting of more than forty species of 
marsupial animals, of which the kangaroo is a familiar ex- 
ample. The islands of the Pacific Ocean possess no indigoii- 
0U8 qua,drupeds, except hogs, dogs, rats, and a tcNV \)\xV'a» 



) 



84 THE WONDKttH OF GEOLOGY. Le 

The diBtribution of vegetable life, thougb perhaps i 
arbitrarily fiied by temperature and by lo::al influences than 
that of animals, presents many anoraalies. From nuraeroua 
observations, however, it is supposed that vegetable creation 
took place in different centres, each of which was the fociu 
of a peculiar genus or species ; for maay plants have a local 
eiistence, and vegetate naturally in one district alone ; thm 
the cedar of Lebanon is indigenous on that mountain, but 
does not grow spontaneously in any other part of the world. 
It is also ascertained that certain great divisians of the 
vegetable kingdom are distributed over particular regions; 
we shall have occasion to refer to this subject in the lecture 
devoted to the consideration of fossil plants. 

7. Tempehatcbe of tub eabtu. — The temperature of 
the surface of the globe depends on the attion of solar hght 
and heat ; hence the difference in the seasons, and climatea 
of various latitudes ; but there are many causes which mo- 
dify the distribution of the sun's influence, and produce 
great local variations : under equal circumstances, however, 
the temperature is found progressively to diminish from the 
equator to the poles. There is also an internal source of 
heat, the cause of which has not yet been determined, but is 
supposed to be connected with the original constitution of 
our planet. It has been ascertained, by careful esperiments, 
that below the point to which the solar influence can pene- 
trate, there is, almost everywhere, an invariable increase of 
temperature, amounting to 1° of Fahrenheit for every 54 
feet of vertical depth : it is therefore possible that at 100 
miles beneath the surface of the earth, even the least fusible 
rocks and minerals may be in a melted state. 

8. Natdee of the chubt of the globe.— The total 
thickness of that portion of the rocks and strata aeeessible 
to human observation, reckoning from the highest mountain 
peaks to the greatest natural or artificial depths, is variously 
estimated at from ten to fifty miles. As the earth ia nearly 
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eight thousand miles in diameter, the entire series of strata 
hitherto explored is, therefore, but very insignificant com- 
pared with the magnitude of the globe ; bearing about the 
same relative proportion as the thickness of this paper to an 
artificial . sphere a foot in diameter; the ineqiialitles and 
crevices in the varnish of such a ball would, in &ct, be equal 
in proportionate size to the highest mountains and deepest 
▼alleys. 

The depth of the crust of the earth, and the greatest in- 
equalities of its surface, as compared with its mass, are ex- 
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^ON. 3.— DIAOEAM TO nXUSTKATK THB PROPOKTIOMATE THIOUfXSS OF THX EA&TH'S 

Crust. 

pressed in the annexed diagram.* The line from « to A; repre- 
sents a depth of 500 miles ; from e to t, 100 miles ; from e to 
the line Z, Z, 45 miles above the surface, the supposed limit of 
the earth's atmosphere ; and the dark line, «, A, represents 
a thickness of ten miles. The points d^ e,f, g, indicate the 
altitude of the highest mountains in the world ; f the depth 
of the sea is shown by the line at the extremities of the arc, 
a, A. As a thickness of 100 miles so far exceeds that of the 



* To preserre as far as possible the language and spirit of the original 
lectures, the references to the diagrams and specimens are retained. 

t The highest peak of the Alps, and of Europe, is Mont Blanc, which 
is 15,6G0 feet above the level of the sea ; of the Andes, Chimborazo, 
which is 21,425 feet; and of the Himalayas, Deva-dhunga, estimated at 
29,002 feet, being more than five miles of perpendicuVai aUiVu^e. 

D 2 
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whole of the strata that are accessible to human observation, 
we cannot doubt that disturbances of the earth's surface, 
even to ten times the depth of those which come within the 
scope of geological investigation, may take place, without in 
any sensible degree affecting the entire mass of the globe.* 
If these facts be duly considered, the mind will be prepared 
to receive one of the most striking propositions in modern 
geology — namely, that the highest mountains were once 
beneath the sea, and have been raised to their present situa- 
tions by subterranean agency, — some slowly, others sud- 
denly, but all, geologically speaking, at comparatively recent 
periods. 

The superficial crust of the globe is composed of numer- 
ous layers and masses of earthy substances, of which various 
combinations of iron, lime, and silex or flint constitute a 
very large proportion ; the latter forming forty-five per cent, 
of the whole. Those strata which have been deposited the 
latest bear evident marks of mechanical origin, and are the 
water- worn ruins of older rocks; as we penetrate deeper, 
deposits of a denser character appear, which also exhibit 
proofs of having bpen formed by the action of water ; but 
when we arrive at the lowermost accessible to observation, 

* To convey a general idea of the relative magnitude of the inequali- 
ties of the earth's surface, Mr. Fairholme suggests the following ingenious 
method. If we form a scale on the sand of the sea-shore in the propor- 
tion of an inch to a mile, we shall have a circle of 8000 inches, or 222 
yards, in diameter, which, when marked out with small stakes, appears 
a very large area. Placing ourselves upon any part of this circumference, 
we have an opportunity of taking a just, though microscopic, view of the 
surface. The highest mountains in the world would be represented by a 
little ridge five inches high ; the profound abyss of the ocean by a groove 
of the same depth ; while the medium inequality of sea and land would 
not exceed one inch. To form an idea of smaller objects, we must ex- 
amine an inch scale, finely graduated, by the aid of a microscope, and we 
shall then find that the tallest man would be about the 880th part of an 
inch in height — the size of the smallest animalcule observed in fluids by 
*h9 aid of the most powerful microscope. 
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a crystalline structure generally prevails ; and, while in the 
upper stratified rocks the remains of animak and vegetables 
are found in profusion, in the ancient crystalline masses all 
traces of organic forms are absent. 

9. Classification of rocks and strata. — In the in- 
fancy of the science these remarkable facts gave rise to an 
ingenious theory, virhich, being founded on insufficient data, 
has proved untenable. It will, however, be requisite briefly 
to explain this hypothesis, as some of the terms still em- 
ployed in geological nomenclature refer to the speculations 
it suggested. According to this theory the mineral masses 
composing the earth's crust are separable into three grand 
divisions or groups, as follow : — 

1st. Primitive Rochs. — In this group were comprised 
granite, syenite, porphyry, gneiss, micaschist, clay slate, &c. 
These are mostly of crystalline structure ; and present them- 
selves either in a massive form, as granite, or in a laminated or 
schistose condition; the schists often being vertical or steeply 
inclined. These are the lowermost rocks, and constitute the 
foundation on which all the newer strata have been deposited ; 
they also attain ^Jie highest elevations on the surface of the 
globe. They were termed "primitive," because, from their 
structure, it was supposed that they had crystallized in the 
primaeval ocean ; and from the absence of organic remains, 
it was inferred that they were formed before the creation of 
animals and vegetables ; but it is now certain that both 
granitic and schistose rocks may be of various ages ; some 
of them are of igneous origin ; and others are sedimentary 
deposits which have been altered by long exposure to a very 
high temperature ; hence the latter are now termed meta- 
morphic, 

2nd. Transition Hocks. — These were the next oldest rocks 
to the primary; they were regarded as partly crystalline 
and partly composed of materials derived from the primary 
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Focka ; and tbeir strati Heat ion was described as leaa ateep 
than that of the former. From these gradual changes in 
their structure, and from their containing the fossilized re- 
mains of animals and plants, they received the name of 
traneition, becanse it was assumed that they had been de- 
posited at a period when the land and sea were passing into 
a state fit for the reception of organized beings. Modem 
researches have, however, ahovro that, like some of the 
" primitive " rocks, these are strata which often have been 
altered by the effects of heat under great pressure. The 
" transition " rocks comprise what are now known as " Cam- 
brian," "Silurian," and "Devonian," and these, together 
with the " Carboniferous " and " Permian," constitute the 
" Primary fossiliferous rocks," or " Paleozoic system " of 
modem geologists. 

3rd. Flatz or Secondari/ Bockg. — The "flat" or. horizontally 
stratified deposits succeeded the " transition " rocks. These 
strata originated from the destruction of more ancient rocks, 
and have been deposited in the basins of lakes, bays, and 
estuaries, and in the profound depths of the ocean, by the 
action of rivers and seas. They abound ii^the mineralized 
remains of animals and plants. The chalk is tlie uppermost 
or most recent of this group of formations. As the sediment- 
ary rocks have manifestly been formed by the agency of 
water, it is clear that they were originally deposited in hori- 
zontal, or nearly horizontal, layers or strata, although by far 
the greater portion has since been broken up, and thrown ia 
directions more or less inclined to the horizon. 

Modem geologists have recognised a separate system of 
deposits above the secondary formations, namely, the Ter* 
tiary strata, which were by the older geologists confounded 
with the Alluvial Deposiu. 

4th. Tertiary D^osits.- — These strata lie upon and fill up 
depressions or basins of the chalk and older rocks ; they con- 
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siat of tbe detritus of more ancieiit beds, and of the relics of 
iliellB, pbnts, zoophjtfls, Crustacea, fishes, &c. : and in them, 
witb but two or three exceptions, the bones of mammalia 
fitrt appear. 

5th. Alluvial Deposit^.* — Of a later formation than, the 
fartiary, are those irregular aceumulatiocs of alluvial or 
wBt(T-wom and drifted materiala which are spread over the 
Borfeee of almost every country, In the newest of these 
^xii BT8 found remaiaa of estating races of auimala and 
pluits, which, in the most ancient, are aasociated with thoee 
dfeitlnct genera and species. 

Even a cursory study of the strata afforda convincing 
pfoo& of a former condition of animated nature widely dif- 
fcrent from the present. We have evidence of a Bucceision 
of periods of unknown duration, in which both the land and 
tlie sea teemed with forms of existence that have succes- 
nieij disappeared and given place to others ; and these again 
'onew races, more nearly related to those which now in- 
lubit the earth, nntil at length traces of existing species 
appear. 

10, G-BOLOoicAL HUTATiOBa. — From this view of the 
mineral structure of our planet we leam, at least so far as 
tlie titiiit«d powers of man can penetrate into the history of 
the past, that the distribution of land and water on the 
firth's surface has been undei^oing perpetual mutation; 
jet that, through a vast period of time, its physical condition 
hai not materially differed from the present. "We find that 
the dry land has been clothed with vegetation, and tenanted 
by appropriate inhabitants ; and that the seas and the rivers 
wd lakes of fresh water have swarmed with living things ; 
that at remote epochs, though animals and vegetables existed, 
tbe species were distinct from those that now abound, and 

' The leiroa diluvial imd drift are coinmonly employed lo denole the 
HUM uicienl of Iheae deposits ; and that of alluvial, the more recent, in 
»ludi existing Bpaciea of a.niniala only occur. 
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the greater number fitted to live iu a diflerent climate than 
that whiuh now prevaOa in the regiona where these retica u» 
entijmbed ; aud lastly, that iu the lowcBt aud most ancient 
beda, all traces of mecbaDieal action, and of animal and tb- 
getable orf^anization, are absent ; in other words, have either 
never existed or have been altogether obliterated. 

11. Connexion of oeoloot with ABTnoNOMY, — Before 
entorinfj upon that department of the subject to which the 
term Geology is commonly restricted, it will facilitate our ' 
comprehension of many of the phenomena that will ci 
under our notice, if in this place we endeavour to penetrate 
tlie mystery that veils the earliest condition of the earth i 
but this we shall in vain attempt, if we restrict onr observa- 
tions to the physical phenomena observable in our own planet. 
Here &eology lends to Astronomy, and tenches us to con* 
templat-o the kindred spheres around us for the elucidation of 
the early history of the globe, and to regard the earth but as 
an attendant satellite on avast central luminary. The solnr 
system consists of the sun, which is a mass of solid matter 
BuiTounded by a luminous atmosphere, or nebulosity,- 
eigiit planets and numerous planetoids, which revolve around 
it in various periods, — of eighteen satellites, — and of nun 
ous comets, three of which do not pass beyond the orbits of 
the principal planets. The earth is the third in distance 
from the sun, and in bulk, as compared with that body, of j 
the size of a pea to tJiat of a globe two feet in diameter ; and , 
it has a satellite, the moon, which revolves round it. 

Upon examining the moon with n powerful telescope, we 
perceive that its surlace is diversified by hills and vallej*a, 
and presents a congeries of mountains, many of which are i 
manifestly volcanic, lava-currents being distinctly visible. I 
We see in fact a torn, rugged, sterile area, studded with 
craters, and scarred by rents and chasms, and having 8ucli,>< 
an aspect as we may conceive would be presented by our'] 
earth, were the pinnacles of the granite-mountains unabrad-': 
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ed, and tLe Tulleya bare, and not covered and partinllv filled 
up by sedimentary depoaita.* But there is no evidence 
the presence of either air or water in tlie moon. 




k 



12. Nebdlab thbokt of the Univbhbe. — In the ori- 
ndition of the solar system, it is supposed that the 
sun was the nucleus of a nebiJosity. or luminous mass, which 
revolved on its aiis, and extended far beyond the orbit of the 
most distant of the planets ; these bodies having then no ei- 
iateace. The temperature gradually dirainiahed, and, the ne- 
bula contracting by refrigeration, the rotation increased in 
rapidity, and zones of nebulosity were successively thrown off, 
in consequence of the centrifugal force overpowering the cen- 
tral attraction : the condensation of these separated masses 

• See \pppncliT A. 
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constituted the planets and satellites. This view of the con- 
version of gaseous matter into planetary bodies is not limit- 
ed to our own system ; it extends to the formation of 1^ 
innumerable suns and worlds which are distributed through- 
out the Universe ; for the discoveries of modem astronomers 
have shown, that every part of the realms of space abounds 
in large expansions of attenuated matter (termed nebula\ 
which are irregularly reflective of light, and are of yarious 
figures, and in diflerent states of condensation, from that of 
a diflused luminous mass to the condition of suns and planets 
like the earth. (See Appendix B.) 

It must be admitted that this hypothesis is astounding,— 
and we may well demand if man, the ephemeron of the ma- 
terial world, can indeed measure the vast epochs which 
mark the progressive development of suns and systemB? 
The master-minds of Laplace and Herschel have effected 
this wonderful achievement, and explained the successiTe 
changes by which it seems probable that suns and planetary 
systems are formed, through the agency of the sublime laws 
of the Eternal. By laborious and unremitting observations, 
those illustrious philosophers have demonstrated the pro- 
gress of nebular condensation, not indeed from the appear- 
ances presented by a single nebula (for the process, probably, 
can only become sensible through the lapse of ages), but by 
observations on the almost endless series of related con- 
temporaneous objects that appear in every varied state of 
progression, from that of a cloud of luminous vapour to the 
most dense and mighty orbs that appear in the firmament. 
As the naturalist in the midst of a forest, though unable by 
a glance to discover that the trees around him are in a state 
of progressive change, yet perceiving that there are plants in 
different stages of growth, from the acorn just bursting from 
the soil to the lofby oak that stands the monarch of the woods, 
infers, frt)m the succession of changes thus at once presented 
to his view, the progression of vegetable life, though ex- 
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Ming orer a period far beyond Lis own brief exieteace, — 
'ti \ikf manner, the astronomer, by aurreying tbo varied 
•^'wiitionB of the heavenly bodies around him, can, by care- 
"J induction, determina the nature of those changes, wliicli. 




ip Mr^ards a single nebul^ the human mind would otherwise 
'j "i unable to ascertain. And thus have been traced from 
J nebokr masBes of absolute vagueneaa, to others which pre- 
I Kat form and structure, the effects of the mysterious law 
I •hieh appears to govern the stupendous celestial phenomena 
[ lliat are constantly taking place.* 

* Although, by the enarmouB poweia of tliG telescDpe conelnicted by 
ibe Eatl of RosBe, it baa been agcerlHmed tlial aeveral of Herachel's ne- 
bulsB ait clustGis of BlBiB, and Ibecefore tha.t probably other supposed 
ubnlai mosRes may be brought iiilo the same ontegory, the theory ei- 
pliiued in the text wili only be modilied, not difiproved thereby. 
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1!J. Varioub btateb op tub nebuLj*:. — Some of t| 
nebiiliB appenr as mere cloiidH of attenuated light ; othl 
as if curdlinp into Bepurate masses ; while many apem to 1 
SBsuming a epberoidal Hgure. Othera Agitin present a da 
central nucleus surrounded by a luminouB halo ; and a sell 
may thus be traced, from clusters of round bodies with d 
or more increased points of coudeuHation, or of central ^ 
Inmination, to separate nebulas with sinirle nuclei, and *§ 
rinEs, — to a central disk constitiiting a nebular star, — d 
finally to an orb of light with a halo like the aim ! i 

In the comets, those nebular bodies which belong to m 
own and other systems, we have evidence that, even in fl 
most diilused state of the luminous matter, the masses vhk 
it forms are subservient to the lawn of orbicular motion: 
this fact an interesting proof is afforded by Eucke's coitti 
(ityn. 5), that mere wisp of vapour, which in a period b» 
little exceeding three years revolves arnund the cent^ 
luminary of our system. | 

This beautiful theory of Laplace and of Herschel expli^ 
by an easy and evident process the formation of planets n 
aatejiites, and accounts for the uniform direction of tbf 
, revolutions ; and not only is it inferred that such is the U 
which the Creator has established for the maintenance ■) 
government of the Universe, but oj^o that upon mechanic 
principles such nebnlie must of necessity be consolidati 
into planetary bodies. j 

14. FoRMATiOK OF THE 80LAB BTSTEM. — In accordaB 
with this hypotheais, our sun is regarded as a planetary m 
with a luminous atmosphere, the central nucleus of a netl 
losity which originally extended to the extreme verge of at 
planetary system. During the condensation of this nebq 
the planets were successively thrown off; the moat diatal 
Neptune, being the first or most ancient, followed by Uram? 
Saturn, Jupittr, the aatoroids or planetoids, of which forjr 
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I l*-o linve been already diacovered. Mars, the Earth, Veui 
wid Mercury ; the aatellites, as distinct worlds, hcin^ r 




"■Mt iwBut of the whole. It U inferred, that in any given 
•tMe of the rotating Bolar masB the outer portion or ring 
"liglit have Ita centrifugal force exactly balanced by gravity ; 
Out increased rotation would throw olf that ring, which 
•night HometimeB retaiu ita figure, of which we have a Btrikmg 
^Umple in Saturn, and also in the newly- discovered planet 
■Neptune. This reaiUt, however, could not take place uuleBs 
the uiDular band were of uniform composition, which would 
^ttdy be the caBe; hence the ring would moat generally 
divide into several portions, which might Bometimea be of 
■tewly equal bulk, aa in the planetoids, while in others they 
nugttt coalesce into a, single masa. The aoJar nebulcc, thr.a 
'Wparated at various periods, and constituting planets in a 
SMooufl state, would necessarily have a rotatory mo^iio'c^ m\i\ 
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revolve in varying orbits around the central nucleue; and, 

as refrigeration and consolidation proceeded, each bodymigl* 
project entire aonuli, or rings, and satellites, in like d 
as the BUn had thrown off the pUnets themselveH. 

In addition to the appearance of various states of attenii- 
ation and of solidity presented by the nebnlse, the orbs 
our own system afford evidence of corresponding gradatiom 
of density. The planets near to the sun are denser 
those which are more distant : thua Mercury, which is tlie 
nearest, is the heaviest, being almnst thrice as dense aa tlie 
Enrth ; while the ilensity of Jupiter, which is far removed, 
is only one-third that of our planet ; and Saturn, whichi 
with the eiception of Uranus and Neptune, is the remoteit, 




is but little more than one-eighth as dense, and is suppose^ 
to be as light as cork.* 

• IntroducLion to Astronomy, by Sir J. F. W. HerKhel. Tlioao 
feel dcairous of more ample information on this subject atoold 
'■ Vieai of tha Arehileclure of Ihe Heavem," hy Dr. mchol, Frafetaof 
Practical Aalronomy in the Umversitji of Glaggaw. 
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Tou will at once perceive that this theory can in no wise 
affect the suhliroe truth that the Universe is the work of an 
all-wise and omnipotent Creator ; " Fat let it be asaumed 
that the point to which this hypothesis leada us is the ulti- 
mate boimdftry of physical science, — that the nearest glimpse 
we can attain of the material universe displays it to ua aa 
occupied by a, boundless abysa of attenuated matter ; still 
we are left to inquire how space became less occupied — 
whence originated matter thus luminous P And, if we are 
able to eatablisb by physical proofs, that the first fact which 
the human mind can trace in the history of the heavens is 
that 'there waa light,' we are irresistibly led to the con- 
duBioD, that ere this could take place, ' God said, Lei thera 
he light.' " • 

This theory of the condensation of nebular matter into 
suns and worlds, marvellous ae it may appear, will be found 
on due reflection to suggest the only rational explanation 
iif the phenomena observable in the sidereal heavens, and in 
our own globe, according to the present state of the physical 
sciences; while its beautiful simplicity is in correspondence 
with the unity of desiga so manifest tbrougbout the works of 
the Eternal, t 

* Professor Whewell. 

t Dr. I'^e Smith, ia hia able CDnnnentaJiea an the " Relation betneen 
Scripture and Geological Science " I lately republished in Bolm'a Scienti- 
fia Library), ban the foUowitig ttmixka upon ihia subject : " The Debular 
hypothesis, ridiculed as it has been hy persons whose ignorance cannot ex- 
cusa Iheir prenumplion, ia regarded by some of the finest and most Chris- 
tian minds as in the highest degree probable. If I may rentiire lu utter 
my own impreasioD, I miial profess it as the most reasonable supposition, 
and the correlate of the nebular theory, thai God originally gave being to 
the primordial elements of things, ihe very smnll number of simple bodies, 
endowing cs' h with its own wonderibl properties. Then, that the aitions 
of those properliea, in the way which hia wisdom ordained, tiud which we 
call laws, produced, and is still piodncinR, all the lorms and chiiuf»» of 
organic and iaorgaiiia nature ; and thjit the series is destined to proceed, 
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15. Gaseous state of the eabth. — ^Thougb it may be 
dif&cult to the unscientific inquirer to comprehend that our 
planet once existed in a gaseous state, this difficulty will 
vanish upon considering the nature of the changes to which 
all the materials composing the earth are constantly sub- 
jected. Water oifers a familiar example of a substaooe 
existing on the surfJEuie of the globe in the separate states of 
rock, fluid, and vapour ; for water consolidated into ice is as 
much a rock as granite or the adamant, and, as we shall 
hereafter have occasion to remark, has the power of pre- 
serving for an indefinite period the remains of any animals 
and vegetables imbedded therein. Yet simply upon an in- 
crease of temperature, the glaciers of the Alps, and the icy 
pinnacles of the Arctic circles, disappear, — ^and by a degree 
of heat still higher, would be resolved into vapour, — and by 
other agencies might be separated into two invisible gases — 
oxygen and hydrogen. Metals may in like manner be con- 
verted into gases ; and in the laboratory of the chemist, all 
kinds of matter easily pass through every grade of trans- 
mutation, from the most dense and compact to .an aeriform 
state. "We cannot, therefore, refuse our assent to the con- 
clusion, that merely by the dissolution of the existing com- 
binations of matter the entire mass of our globe might pass 
into a gaseous or nebular condition. 

in combinations and multiplications ever new, without limit of space or 
end of duration, to the eternal display of His glory.'* 

These remarks may be regarded as a philosophical enunciation of the 
hypothesis that has been termed ** organic creation by law** or the form- 
ation of living beings from inorganic elements. But this theory is not at 
present substantiated, nor even sanctioned, by any imequivocal evidence : 
and this absence of all proof appears to me the serious and only legitimate 
objection to the reception of a doctrine which would explain many ob- 
scure physiological phenomena, and bring the laws of vitality into harmony 
with those which preside over the inorganic kingdom of nature. See the 
Appendix to my " Thoughts on AiiimalculM ;" and Westminster Review, 
No. XC, article " Revelations of the Microscope" 
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^*f 16. Geoiost elucidated by Abthonomt. — From the 
"I "S'n^ thuB shed by modera Astronomy upon many of the 
'f (iark and mysterious pages of the eariih's physical history, it 
""I Oppcara probable that the dynamical fhangea which have 
Y taten place in our glohe — all the tranBmutatioua of its crust 

If Pfcrealed by geological investigation a— may be referable to 
the operation of the one, simple, and universal law, by whieh 
the condenaatioa of nebular masses into worlds, through 
periods of time eo immense as to be beyond the power of 
anman comprehension, is governed. 
The internal heat of the globe, — the evidence afforded by 
^he crystalline condition of the lowermost rocks of a pre- 
vailing higher temperature in an earlier state of the earth, 

Hnd the elevations and dislocations of its crust which have 

'taken place, and are std] going on, — eH refer to such an origin, 
%i)d to such a constitution of our planet, as that contemplated 
\»j the nebular theory. Nor is the elevatory process peculiar 
to the earth, for Venus, Mercury, and the moon exhibit evi- 
dence of a similar action ; and in thfl two former the moun- 
tains are of an enormous altitude.* In a philosophical point 
of view, the present physical epoch of our glohe "is that of 
the fluidity of water, which is the nebulous bed or stratum 
l«rt condensed, and which eierts mechanical and chemical ' 
action upon the previously consolidated materialH." f , 

17. Aeeoiites. — Intimately connected with this division 
of the subject is the remarkable fact of the fall of foreign | 
hofes, called aerolites, or meteoric stones, from the atmo- 
sphere. The specimen before us, for which I am indebted 
to Professor Silliman, is a fragment of a, mass which fell at 
Ifsnjenoy, in Maryland, North America, a few years since. 
IV following description of its descent, by an eye-witness, 

_ ■ This Biilijecl ia ablj treated in Sit !I. De k Bedie's " Heeeaichw 
* Tkeoretical Geology." , 

t Dr. Nicbol. i 
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the priiaitive impulse, or by the disturbing aetiou of the son, 
might ultimately penetrate the earth'a atmosphere aud arriv9 
&t its Hurt'ace. But from vbateYer source meteoric stones 
may come, it ia highly probable that they have a co 
origia, from the uniformity, we may almost say identity, of 
their com position. "• 

The lunar origin of aerolites, above alluded to, has been 
adopted by Laplace and otbera ; but, like Cbaldni's hypo- 
thesis of their being minute planetary bodies revolving round 
the sua, and sometimes eDCountering the earth, it has great 
difficulties to contend with ; and as yet very little is really 
kuown of the nature or origin of shooting stars. 

These maeses present a general correspondence in thtk 
chemical composition and appearance, having (with the e: 
ception of native iron) a crystalline character internally, a 
externally a black aloggy crust, as in this epecimeu &i 
Nanjenoy-t 

A mass of native iron containing niciel has been diacoveR 
ed in northern Asia, in an auriferous deposit, at a depth o 
about 30 feet ; and a similar mass has been found imbedded 
among the Carpathian Mountains : both these ma«aes an 
very like undoubted meteoric stones. But, aa probablj 
meteorites chiefly consisting of iron would be decompose^ 
during the lapse of agea, the vestiges of such bodies in tbt 
strata must be necessarily rare. Other meteoric stones 
however, composed mainly -of silica, have been recordect 
and Mr. E. W. Binney has published an intereating aceouaj 
of three such peculiar siliceous and probably meteoric stom 
which have been collected from the eoal measures o: 
oashire and South 'Walea.J If so, we must conclude thai 

■ Connexion of the Physipal Sciences. 

t There ia b, fine collection of aerolites in the gallery of minetals t 
the British Aluaeum. See Mantell's " Fossil j of the British MaseDm,^ 

TraitBacI, Phil. Lit. Soc. MantJieiter, vol. ix. 
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"elare tlie last arraflgement of the earth's surface, meteorifl 
BtcneB had faUen upon it. 

Baron Humboldt obseireB that aerolites afford the only 
direct eiperimental knowledge we possess of any of the 
af>ecific properties or qualitiee of matter not belonging to 
Our globe. Their direction and enormous velocity of pro- 
jection (a velocity wholly planetary) render it more than 
probable, that these mosses, enveloped in vapours and reach- 
ing the earth is a high state of temperature, are small hea- 
"•"enly bodies which the attraction of our planet has caused 
"to deviate from their previous path. The aspect so femiliar 
to us of these aerolites, and the analogy which their compo- 
sition presents to minerals contained in the crust of the 
earth, are very striting. The inference to which they point 
Wippeara to me to be, that the planetary and other masses 
■w.-ere agglomerated in rings of vapour, and afterwards in, 
Bpheroids, under the influence of a central body ; and that, I 
t>eing originally integral parts of the same system, they con- < 
niat of Bubstanees chemically identical.* I 

19. EnsTiKQ GEOLOGICAL A QENTs.— Assuming then that J 
<m planet, when first called into being by the fiat of the I 
Creator, was a gaseous mass, " without form and void," and | 
destined through indefinite ages to undergo mutations which i 
Valtimately rendered it a fit abode for man and the animala I 
"Mhich are his contemporaries, we proceed to investigate the j 
Xiature and effects of the agencies by which its surface ia , 
■till modified. 

In this division of the subject it will bo my object to ex- 
plain in a clear and lamiliar manner some of those physical 
changes which, unheeded or unappreciated, are taking place 
■round us ; but which, operating on a large scale, and through 
I along period of time, are capable of producing effects that 
k tnateriidly modify the earth's surface, and give rise to resulti 

* ' CMmai; a Sketch of a Fhj'sical Dtrscription ol [he Unlvirrse, b; 
y BucaBumboldL (TrKulalion. Boia's Scientific LibiMV^ 



which, when viewed in the aggregate, fill the nninfonned 
mioil with aBtooishment, &nd lead it to caJl up im^Darf 
cODVulaiooB and catastrophea to explain the result of some 
of the most ordinary operatiana of nature. Ah the Bimple 
lines that compose the nlphabet constitute, when placed in 
combination, the mighty engine by which the inadter spints 
of our race enlighten and benefit mankind, bo natural pro- 
cesBes, in themselves apparently inadequate to produce in? 
important effects, become, by their combined and continued 
operation, an irresistible power, by which the dry land is can- 
Terted into the bed of the ocean, and the bed of the ocean 
into dry land ; thua fulfilling the universal law of nature, 
which subjects every particle of matter to incessant change. 

Before proceeding further in this inquiry, I would notice 
an opinion, so generally prevalent that it muy possibly bs 
entertained by aome of my readers, namely, that the pheno- 
mena which will come under our consideration hnve been 
occasioned by the deJuge recorded in Scripture. But what- 
ever may have been the modifications of the earth's surface 
produced by that catastrophe, they must on the present oc- 
casioti be wholly eicluded from our consideration, for the 
changes to which geological inquiries relate are of a totally 
different character, and referable to periods long antecedent 
to that miraculous event. 

i have now to direct your attention to certain natural 
operationa which, when properly investigated, will afford an 
easy explanation of facts, of the highest interest and import- i 
ance, that present themselves at the first step we take ii 
inquiry, — will teach us how this limestone has been formed I 
of brittle shells, and this marljle filled with the coral to which J 
it owes its beautiful markinga, — how wood haa been change 
into stone, and plants and fiahea have become enclosed in 
solid rock. I have to explain to yon that the ground o 
which we stand was not alwaya dry land, hut once constitute 
ib6 hed of the sea, — that the hiUs, now so smooth t 






landed, and clothed with verdure, have been formed in the 
Profound depths of the ocean, and may be regarded a» vuat 
tuiQulJ, in which the remains of beings that lived and died 
*Q the early agea of the globe are entombed ; and that the 
'^realds of Kent and Sussex, those rich and cultivated districts 
"^■hich fill up the area between the chalk-hillB of Suasei, Sur- 
v^j, Kent, and Hampshire, were once the delta of a river, 
tliat flowed through a country which is now swept from the 
&ce of the earth — a, country more marvellous than any thab 
even romance or poetry has ventured to portray. 

20. AlJPEODB AGEKCT: THE EFFECTS or BTBEAMa AKD 

BiTEss. — The operations we have now to consider are pro- 
duced by a substance, the most abundant in nature, and with 
the properties of which we are so familiar, that we hut little 
appreciate the marvellous phenomena they present. This 
eubstaace — which in one state constitutes vast islands and 
continents, forming masses that rival in transparency and 
brightness the rock-crystal or the diamond, and are more 
durable than granite, and so sterile as to aflbrd no sustenance, 
even to the simplest forms of vitality — in another couditioa 
is invisible, and separates into two gases, which supply heat 
and light to organic bodies ; — in a third state it exists as an 
elastic vapour, which yields to man a power far surpassing 
that of the fabied wand of the magician, enabling him to 
etom the ocean in spite of the elements, and traverse the 
land with a rapidity exceeding that of any other animal ; — < 
and lastly, it appears as a fluid which is the essential support 1 
of animal and vegetable life, and covers a large portion of i 
the Bur&ce of our globe ; affording in its profound abysses ^ 
a habitation for the most colossal of existing animals, and 
containing in each drop myriads of the minutest beings J 
wbich the aided eye of man is able to descry ! — such are the i 
wonderful properties of the substance that, in its fluid state, \ 
we term tnater, and the geological ell'jcts of which we now 1 
proceed to esamiue. I 
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In pursuance of this otject, we will first notice the clian^ 
produced on the surface of the land by the agency of etreams 
and rivers. I need not dwell on those meteorological 
by which the descent of moisture on the surface of th( 
ia regulated ; but will merely obaerve, that rivers are tba 
great natural outlets by which the superfluous moisture 
the land is conveyed into the grand reservoir, the 
And eo eiactly is the balance of expenditure and supply 
niatntained, that all the rivera on the face of the earth, though 
constantly pouring their mighty floods into the ocean, do not 
affect its level in the slightest perceptible degree ; we may 
therefore assume that the quantity of moisture evaporated 
from the surface of the sea and descending on the earth in 
rain and vapour is exactly equal to the sum of all the water 
in all the lakes and rivers in the world.* But though tba 
quantity of fluid poured by the rivers into the basin of tha 
ocean is again removed by evaporation, yet there is an oper- 
ation silently and constantly (?oing on, which becomes an 
agent of perpetual change. The rivulets which issue from 

■ The qiianlit)' of water that percolntes into Ibe earlh fVotn the sut&cs 
is very great. It is weU known that the water in mines vatiea with, and 
depends upon, the rain falling in tho districts vhere they are situated.' 
Seasons of heavy rain are followed by a great increase of water in a mine, 
and the reverse happens from a drought. The lime whitb elapses before tin 
elTect at these causes manifests iUelf varies considerably, aud depeodk 
oa the mlDCralogical character and physical features of the country. In 
carboniferous limestone dialricls the percolation of rain.-wsler is pirlicu. 
larly rapid, so that a heavy fall of rain will often oterpower the machinery 
BiiHiL-ient for ordinary drainage. " In Iwo mines in Klintahiro. the Iteam- 
en^rines, after having been increased in speed from three or fntii strokes par 
minute to the extent of their power, about live limes as many, were yet 
incapable of preventing the water from rapidly increasing and (llllag iha 
workings. In these mines there are great cross-courses or faults, which 
can be traced several miles, and pour torrents of water into the veina; 
they are, in fact, channels for subterranean rivets, and the latter tiarry 
with them large quantities of sand and gravel, worn away from the racks 
through which they pass." — R, Tai/lor. 
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*i| lie mountains are more or less charged with earthy particles, 
* I »uni from the rocks and Btrnta over which they flow ; the. 
*i united streams in their progresB towards the rivers become 
'-'I more and more loaded with adventitious matter ; and as the 
y jxi»er of abrasion becomea greater, by the increase in the 
/ quantity and density of the mtisH of water, a large proportion 
f of the materials is suspended in the fluid, and carried into the 
sea. If the current be feeble, much of the mud, and the 
larger pebbles, will be thrown down in the bed of the river, 
— hence the formation of alluvial plains, as for example those 
in the valleys of the Arun, the Adur, the Ouse, and Cuckmere, 
in this county (Sussex). But a great quantity is transported 
to the mouths of the rivers, and there forms those accumu- 
lations of the fluviatile spoils of the land which constitute- 
deltas ; the finest particles, however, are carried far into the 
sea, ajid, transported by currants and agitated by the waves, 
are at length pracipitated into the profound and tranquil 
depths of the ocean. But rivers convey not only the mud 
and other detritus of the countries through which they flow j 
leaves, branches of trees, and other vegetable matter, and 
tlie remains of the animals that fall into the streams, with 
ahella and other animal exuvira, human remainti, and works of 
art, are also constantly transported and imbedded in the silt 
aod Band of the deltas and estuaries, and some of these remains 
■re occasionally drifted out to eea, and deposited in its bed. 
21. Deltas or the Ganges and Mississippi.*— The 
diaoges here contemplated, as they are going on ia our own 
iBbuidi may appear insignificant, and incapable of producing 
aoy tnsterial effect on the earth's surface ; hut, if we trace 
tho results in countries where the agents under review are 
operating on a larger scale, we shall at once perceive their 
importance, and that time only is required for the accnmul*- 

• In the Philosophical Magazine for April 1853 is a very valuable 
paper by Mr. A. Tylur, on Ihi) increiuu uf doltua, and llie decccaae ofcoa* 
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tioii of atrattt equal in estent and alike ia character wi ft- 
niuLy of thoee ancient deposita which will hereafter 
imder our observation. 

From experiments made M-ith great care, it has bei 
ascertained that the quantity of solid matter brought down 1 
the Ganges and carried into the sea annually is 6,368,077, 
tona : in other words, a mass of aoiid materiaJa aiupaaai^^Hig 
in BiM and weight sixty times that of the great pyramid of 

Egypt ; the base of that stupendous atructure covering elei^ *q 
acres, and ita perpendicular height being 500 feet.* TTie 
Bmrampooter, another river in India, conveys annually « J 
much earthy matter into the sea as the Ganges. The wate/u 
of the Indus, as the ktc Sir Alexander Bums informed noe, 
are alike loaded with earthy materiala. In the vast rivers of 
America, the same effecta are observable ; the Miasiasippi, 
which flows through twenty degreea of latitude and seven of 
longitude, and drams a valley 3000 milea long and nearly 
1000 broad, bringa down whole forests and immense rafta, 
composed of trunks and branchea of trees and drifted under- 
wood, and transports them to its delta, which estenda aeveral 
hundred miles out to sea ; and the area around the em- 
bouchure of that river is becoming ahaDower every day, by 
the sole agency of the cauaea now under consideration. The 
delta of thia mighty stream is computed by Sir C. Lyell to 
be at leaat between 500 and GOO feet in depth, the ar^ it 
covers nearly 14,000 aquare statute miles, and the solid mat- 
ter annually added 2 billions 700 miJliona of cubic feet ; and 
the period required for the formation of the deposits now 
composing the delta, at more than 60,000 years, f" 

In the sediments of these rivers, remains of the animals 
and planta of the respective countriea are continually en- 
veloped. It is therefore e\'ident, that, should tha deltas be— 

• Lyell's Principles of Geology. 

+ Lecture on the Delia ot the MLssissirpi, before the British isBocia— 
tlDD, aX SualbBuiploii, 1846. 
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COBB dry Ittnd, the naturalist could, by an eiamination. of 
the umnal ajid vegetable remains imbedded in the fluviatile 
BedimentB, readily determine the cbaractera of the fauna 
■nd flora of the countriea through which the rivers had 
flowed. We may here observe, that in tropical regions, 
itiiffe Bnimal life is profusely developed, and but little under 
ttewntrol of man, the animal remains buried in the deltas 
>n far more abundant than in those of European countries, 
Kliich are thickly peopled aod in a high state of civilization. 
The enterpriaing but unfortunate Lander informed me, just 
More he embarked on his last and fatal expedition to Africa, 
list many parts of the Quorra, or Niger, aa far as the eye 
Muld reach, teemed with crocodiles and hippopotami; and 
H great wae their number, that he waa often obliged to 
ing his boat on shore lest it should be swamped by them. 

It is unnecessary to dwell longer on these operations ; it 
•ill suffice to have shown, that by the simple effect of run- 
ning water great destruction and extensive modifications of 
the surface of the land are everywhere taking place, and at 
the same time fluviatile deposits are being formed on an ex- 
tensive scale, and imbedding animal and vegetable remains. 
Thus, in the deltas of the rivers of England are found the 
bones and antlers of the deer, horse, and other domesticated 
uimals, associated with the trunks and branches of trees 
ud plants, river and land sheUs, human bones, and frag- 
ments of pottery and other works of art : while in those of 
the Qanges and the Nile, the remains of the animals and 
Tegetables of India and of Egypt are respectively entombed. 

22. FoKMATiON OF FLtrvnTiLB STBATA. — There is a cir- 
cuiDBtance connected with these facts which it is necessary 
here to consider. The quantity of water in streams and 
riven varies considerably at difi'erent periods of the year ; 
la the rainy season the rivers are overflowing, and the waters 
wnarhably turbid ; consequently the deposits are much 
gi^ter at those periods than iu the summer moutl^a, '■n Wu 
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the currentB are feeble, and the rivers ahallow. In that ; 
part of the stream affected by the tides, there is also a con- 
stant flm and reflux of the waters, and from this caase thtt ■ 
aedimeatB must, to a certain degree, be periodical. Accord- ' 
inglf we find the silt and Band disposed in »trata or layen^ . 
from the partial consolidatian of the surface of one bed of' 
mud, before the superincumbent layer was precipitated upoa 
it. Thus wherever a fresh break takes place in a bank of 
consolidated silt in a delta, aa for example in that of the 
NOe, it is easy to traee the deposits of each Buccesaive ytar, . 
by means of the lighter earth on the top of each. "WTien ft 
portion is taken into the hand, it separates into layers ; and, ,| 
on closely examining the edges of these, very delicate thin'' 
lines are perceptible, showing a laminated structure, like 
those obserrable in the coal-shales. Judging from theae 
layers, the annual deposits from the !Nile appear to varjr 
considerably, but the average thickness is little more than » 
quarter of an inch.* .i 

Where a river terminates in an extensive estuary, the seft i 
throws a covering of sand over the layer of mud broughic 
down by the river ; and frequently these alternate with tho 
greatest regularity, the receding of the tide allowing the 
fresh water to deposit its mud, and the advance of the Bea 
discharging sand and marine exuvis over the surface, 

23, BiPPLE-MAKKs. — And here we may notice another . 
phenomenon. Every one must have observed, when walking ' 
by the banks of a river at low water, or on the sands of the 
Bea-shore, that, when the water has been agitated by tba-. 
wind, the surface of the mud or sand is undulated, or fur_ 
rowed over by the rippling of the waves, the marks present* ■ 
ing various appearances, according to the force and direction i 
of the currents. Frequently, too, worms and molluscotu 

■ Letler to Professor Silliman from nn 
1834. See alao Mi. L. Homer's Memoi 
rraM.1855. 
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imuiBls crawl aver and mark the surfa^^e with meaadcring 
liaes and ridges ; aud these varied charactere on tlie sand 
in preaen-ed, if a thin layer of mud happens to be deposited 
tret them before the next advance of the waves. I shall 
tire occasion to refer to these appeamnceB hereafter. We 
may also remark that certaiu kinds of mollnsea, or shell-fish, 
only live in fresh water ; others are confined to the sea ; 
a third cImh is restricted to the brackish waters of 
; accordingly, in the deposits under consideration, 
and estuary species are abundant, while the marine 
Dolf occur aa stragglers, and are comparatively rare. Land- 
plmte, and those which affect a marshy soil, as the equiseta 
or mBre's-tails, reeds, rushes, &c., are likewise often accumu- 
lited in such quantities as to form beds of peat. 

24, Lewbs Levels. — It will servo to impress tlie subject 
more forcibly upon our minds, if we refer to some local ex- 
iinple of fluvio-marine deposits; and, from its immediate 
ficinity to Brighton, 1 select that whicli occurs in the valley 
•if tlie Ouse, near Lewes, which is one of several estuaries 
vbence the sea has retired within the lost eight or ten cen- 
turies. This tract is about eight miles in length from north 
to south, and voriea in breadth from half a mile to two miles 
uid a half. The valley is bounded by an amphitheatre of 
chalk'liills, into which the river enters through tt gorge of 
tbe Downs on the north, near OflTiam, and, pursuing a tor- 
tuous course, flows between the towns of Lewes and The- 
Cliff, and discharges its waters into the sea at Newhaven. 
This alluvial plain is called Lewes Leveh, and ia here and 
there flanked on the east and west by headlands and ancient 
seB'cliifs ; while a few insular mounds of chalk rise up 
through the fluviatilo deposits, that have been accumulating 
daring a long period of time. Lign. 7 represents a section 
of the valley of the Ouse, from east to west. 

Here we have a depression (or hcuin, as it is termed by 
geologists) of chaUi-strota, partially filled U'g ^j \fl.^e[n ^l 
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indurated mud or silt, the surface of which ia clothed with 
verdure : the bed of the river (i) ia situated near the ea»t- 




era chalk-cliffB, By numerous ainkings through the soil, 
carried from the surface down to tlie chalk-bottom, and the 
depth of which varied from flileen to thirty feet, the deposito 
have beeu ascertained to be as follow ; — 

1. Bug earth and peat, about five feet in Ihiuknese : formed of decajad 

lu>ius and leaves of liazel, oak. birch, &c,, and encloaiog tiunlcs o{ 

m large trees. 

B X (i. A.)— Blue clay, or indurated mud, rontaining seTeral spi 

r fieah-waler shells, like those ivhich now inhabit the riv 

ditches ; witli numerouB indniiie, or caaeaof the lar»(eof a. 

of p/iiyganea, com[nonlj> termed caddis-worma. Booea of 

and deer have beeu found in the lower part of this bed. 

3. (e. B.J^Ciay containing freah-waler abells, with an intermix 

k existing marine species, as the cominca cockle {cardium eduUJt. 

lellina, &c. 
4. (c. c.)— Blue day, enclosing' marine shells, rii. cockles, n: 



• A gtological lectim repreaenls the internal structure of the earlli oH 
any given line, in a vertical direction; and is either, 1. natural, at 
in cliffs, precipicea, &c. ; 2. artificial, aa in quarries, tunnels, and otbtf 
excavations; or, 3. thtorttieal, vrhen constructed from a combination fli, 
obeemttioiiB on the position of tjie strata in varioua distant localitiea. 
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al, gr aea-unicorn {Manodoo monoceroi). 

From the nature of these Bediments we leam that thia 
n!1ey waa oDce no arm of the sea, and that the following 
wjuence of physical changes haa taken pla« ; — 

Uni, there wu a lall-waler es(uai7,'inliBbiled by marine ohell-liBb of 
llu ume species as ibuHe now existing ia Uie Briliah Cliauiml, and 
into wbich ceULceft occasionalijr entered. 

Smudlg, the inlet grew ehallon', the waler brackish, ani marine and 
freah-walcr abellii were mingled in ite blue argillaceous sediment. 

TkirHn, (be BbaaliDg continued until fiesh water so much predumin- 
sled, that Hniialile shells and aquBlic insects could alutie exist. 

FtuiAlg, a peaty swamp was formed by the drifting of trees and plunts 
Irom the forest uf Andreadswald, wbich formerly Qccupied the 
entire Wealds of Suasei ond the adjacent counties ; and terres- 
trial quodrupeda were occasionally embedded in the morass. 

I*^, the soil being inundated by Und-flooda at distant ijitervals only, 
becatoe an ooiy marsh, which bos been gradually coQTerted into 
a fertile tract of countty. 

I Snoh are the natural changes which the river-valley of 

I the Ouae haa undergone, as shown by the ehanwter of the 

f deposit* which partially fill up this depresBian in the chalk ; 

' wd historical records confirm the geological evidence.' 

What further tranHinutations the plain of Lewes Levels is 

destined to undergo cannot he foretold. It may be, that 

■one change in the relative level of the land and water along 

tbe Sussex coast will again convert the Levels into an arm 

of the Bca, and the town of Lewes be once more a port. 

- On the other hand, the physical agents of terrestrial change 

may He dormant, and man, with the mighty powers of nature 

over which science haa given him control, may include this 

alluvial plain in the grand line of communication that shall 

link together tbe metropolitan cities of France and of England, 

» '• A Day's TUmble in and about the Ancient Towi 
" ■-->, by IhB Author. 
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and ere another century liave passed away, these now Terdant 
pastures may be covered with towns and cities, swanmng 
with busy communities of the human race. 

25. Beiliiks of ills nr hodebk deposits. — ^But the 
sediments in the river-valleys often contain not only bones 
of deer, horse, boar, and other terrestrial animals, but also 
human skeletons, which are sometimes found enclosed in 
coffins of exceedingly rude workmanship; together with 
canoes,* and other relics of the early inhabitants of onr 
island. This human skull was dug up at a great depth in 
the blue silt of Seeding Levels ; it was enclosed, together 
with the other bones of the skeleton, in a coffin of oak, which 
was evidently of high antiquity, being formed of four rude 
planks, or rather hewn trunks of trees, held together by 
oaken pegs. The skull is of a dark bluish-brown colour, 

« Ancient British Canoe. In 1835 a canoe was discovered at the depth 
of several feet in a bed of silt, that filled up an ancient branch of the 
river Arun, at North Stoke, near Arundel. It was presented by my noble 
friend, the late Earl of Egremont, to the British Museum. This canoe is 
nearly thirty-five feet in length, four and a half wide in the centre, three 
feet three inches broad at one extremity, and two feet ten inches at the 
other ; and is about two feet deep. It is formed of a single trunk of oak, 
which has been hollowed out and brought to its present shape with great 
labour : it is evidently the workmanship of a very remote period, and in 
all probability was constructed by some of the earliest inhabitants of our 
island, before the use of iron or even brass was known : the original tree 
must have been fifteen or sixteen feet in circumference. Three projec- 
tions, left in the interior of the boat, appear to have been designed for 
seats ; it is manifest therefore that the persons who constructed this vessel 
were unacquainted with the art of forming boards. This canoe is so 
similar to some of those which were fabricated by the aborigines of 
North America, when first visited by Europeans, that we can have no 
hesitation in concluding that it was constructed in a similar manner; 
namely, by charring such portions of the tree as were to be removed, and 
•cooping them out with stone instruments. No doubt this canoe belongs 

*hm nme period as the flint and stone instruments called ceUt, which 
njnuli on the South Downs « 
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le'bones of deer and horse found in. similar depositB, 
mappearance attributable to an ini]jragnatioii of ii-on ; when 
irat (lug up, the iutersticoa of the bones wore filled with 
ilue phosphate of iron. 
26. PsAT-BOGS. — Before proceeding to the next Hubject, 
viW advert to those eitensiye accumidationa of vegetable 
utter called Peat-boga. These are morasBea, covered with 
uccessive layers or beds of moases, reeds, equisetn, rushes, 
nd other plants that affect a marshy soil ; and in partieuiar 
if a kind of njoas, the gphagnuTH palustre, which frequently 
brms a large proportion of the entire mass. The beds of 
»«ftt are annually augmented by the peculiar mode of increase 
rf the moss, which throwa up a succeasiou of shoots to the 
snrisee, while the parent plants decay, and add a new layer 
of Mil. 

The peat-hogs of Ireland are of great extent ; one nf the 
moases on the banks of the Shannon is between two and 
three miles in breadth, and fifty in length. Sir C. Lyell re- 
mMlis, that most of the peat-mosses of the North of Europe 
wiipy the areas of ancient forests of oak and pine ; and 
ihiit the fall of trees from the effect of storms, or natural 
H«sy, by obstructing the draining of a district, and thus 
fiiving rise to a. marsh, is the origin of most of these lic- 
pnaits ; mosses and other marsh-plants spring up, and soon 
overwhelm and bury the prostrate trees ; hence the occur- 
rence of trunks and branches of oaks, fira, &c., with their 
fniils, De Luc states, that the sites of many of the abori- 
gins! forests on the continent • are now covered by mosses 
sod fsns, and that many of these ch3ni;eB are attributable to 
tiie destruction of the woods by the Romans. 

A remarkable circumstance relating to peat-bogs must not 
fw omitted, namely, the occasional occurrence of the bodies 
of men and animals, in a high state of preservation, at a great 
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depth. In some instances the bodies are conveited into a fatty 
substance resembling spermaceti, and which is called a^ 
jpocire, 

27. Coal is peat. — ^A fact of considerable geological in- 
terest is the occurrence of coal in peat-bogs ; since it proves 
that the conversion of vegetable matter into a minenl, the 
origin of which, but a few years since, was deemed question- 
able, takes place at the present time, when circumstances 
are favourable for the production of the bituminous ferment- 
ation. In Limerick, in the district of Mai^e, one of the 
States of North America, there are peat-bogs of considerable . 
extent, in which a substance exactly similar to cannel coai is 
found at the depth of three or four feet from the surface 
amidst the remains of rotten logs of wood and heaver^icks: 
the peat is twenty feet thick, and rests upon white sand. 
This coal was discovered on digging a ditch to drain a por- 
tion of the bog, for the purpose of obtaining peat for manure.* 
The substance is a true bituminous coal, containing more 
bitumen than is found in any other variety.| Polished sec- 
tions of the compact masses exhibit the peculiar structure 
of coniferous trees, and prove that the coal was derived from 
a species allied to the American fir. It has probably been 
formed by the chemical changes supervening upon fir-bal- 
sara, during its long immersion in the humid peat ; the cir- 
cumstances under which it was placed being most favour- 
able for that process to take place by which, as we shall 
show hereafter (see Lecture VI.), vegetable matter is con- 
verted into coal. In the Chatham Islands, Dr. Dieffenbach 
observed a bed of peat in which were layers closely re- 
sembling coal, and possessing a lustrous appearance and con. 
choidal fracture ; while in other parts of the same layers the 
transition to true peat was evident. 

♦ Dr.* Jackson, on the Geology of Maine. 

t An analysis of 100 grains gave the following results : — Bitumen, 72 ; 
Corbon, 21 : Oxide of Iron, 4; Silica, 1 ; Oxide of Manganese, 2= 100. 
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28. SOBTEKBAMEA.N FoKEBTS. — Independently of the trees 
iiiibediled in peat-boga and morOBses, there are also found 
entire foresta buried deeply in the Boil ; the trees having 
tbeip root*, trunks, hranches, iruita, and even leaves, more 
"I fesa perfectly preserved. Numerous aa!uin\ilationB of 
ttia kind have been discovered on the coasts of England, 
occnpjing low alluvial plains, tliat are stiil subject to period- 
ical inundations.* The trees are chiefly of the oak, hazel, 
fir, birch, yew, wUlow, and ash ; in short, almost every kind 
tlist IB indigenous to this island occasionally occurs. The 
tnmka, branches, &c. are dyed throughout of a deep ebony 
colour by iron ; and the wood is firm and heavy, and occa- 
sionally fit for domestic use ; in Yorkshire and elsewhere, 
timber of this kind is sometimes employed in the conHtruc- 
tiou of houses. * 

29. Geological etfects of the oceah. — While the 
mountains, valleys, and plains of the interior of the country 
We undergoing slow but perpetual destruction by the com- 

of atmospheric agency and of running water, 
fe eoaata, cliffs, and shores are exposed to destruction from 
the waves and the encroachments of the sea, 
the land presents a high and rocky coast, the waves, 
incessant action, undermine the cliffs, which at 
foU down and cover the shore with their ruins. The 
Ufter parts of the strata, as the chalk, limestone, marl, clay, 
4c., are rapidly disintegrated and washed away ; while the 
BWra solid materials are broken and rounded, by the eon- 
tintul Station of the water, and give rise to those accumu- 
lltioDH of shingle and sand which skirt the base of the sea- 
diffs, and serve, in some situations, to protect the land from 
further encronchments. But, when the cliffs are entirely 
I'ompoaed of soft substances, their destruction is very rapid, 
unless artificial means be employed for their protection ; 
these, however, in many instances are wholly ineffectual. 
" See lllaBtralions of Qie Geology of Sussex, 5, 1%a, 
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The encronchmenta of the ocpan upon the land, effected 
by tkis agency, often gii'e rise to sudden and extenBive b- 
undationa, and the destruction of whole tracts of countiT. 
Along the Suaaei coast the inroads of the sea have been 
noticed in the earliest historical records ; and the site of thB 
ancient town of Brighton has been entirely swept away, tha 
aanda and the waves now occupying the spot where the fint 
aettlers on these shores fixed their habitations. • On l9# 
and sandy coasts, the waves drive the loose and lighter 
terials towards the land ; and the drifted aand, becoming iff 
at the reflux of the tide, is carried by the wind inland, ani 
in some situations is accumulated in such quantities as W 
form ranges of bills, which in their progress overwhelni (tit' 
tile tracts, and ingulf churches and oven entire villagW 
Tliese eand-hanks (dunes or downs), looae and fluctaatiiil 
as they are in their first stage of advancement, bei 
under certain circumstances stationary, and are then 
verted into solid stone, by a proceas which we shaJl preaei 
explain. 

30. Tbe bed of the ocean. — But tbe production 
beach, gravel, and sand on the shores, and the drifting 
sand inland, are efiects far leaa important than those whiA 
are going on in the depths of the ocean. In the tranquil'; 
bed of the sea, the finer materials, that were held in chemii 
eal or mechanical suspension by the waters, are precipated 
and deposited, enveloping and imbedding shells, conl^ 
fishes, &c., together with the remains of such terrestrial antj 
mala and vegetables as may have been floated down by 
streams and rivers. And, in the beautiful language 
Hemans, — 

" Tho depths have more ! What weallh untold i 

Far down and shining through Ibeir sllllne!)!i lies ! j 

* In my " Foeails of ihe South Downs," and " Geology of the Soulll- 
EiBt of England," will be found some Interesting historical notices of llie 
destruction of Ills Suisez ooost by (he inroads of the sea. 
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The; have Ihc atairy gems, the burning gold. 

Won from ik Qiuusaud royal ugoeieii I 

-relmoie— the depths have mora! Their waves have tollod 

Above the cilies of & world gone by — 

Sand halb filled up the palaces of old, — 

Sea-veed overgrown the halls of revGlry* 

"To them the love of woman hath gone down. 

Dark flow their tides o'er manhood's noble head, 
O'er youth's bright lui:ka, and beauty's flowery crown." — 

£ea ! in these modem deposits, the remamB of man, and of 
his works, must of neeessity he continually ingulfed, together 
irith thoae of the animals which are his contemporaries. 

Of the nature of the present hed of the ocean, we caa of 
CQone know but little from ai^timl observation.* Soundings, 
liowver, have thrown hght upon the depoflita now forming 
in those depths which are accessible to this mode of investi- 
gation, and shown that in many pitrts immense accumula- 
tions of shells and corals, intermixed with sand, gravel, and 
Oad, are going on. Donati ascertained the existence of a 
compact bed of shell, 100 feet in thickneBs, at the bottom of 
&e Adriatic, which in some parts was converted into marble. 
In the British Channel, extensive banks of sand, imbedding 
ihella, Crustacea, &c., are in the progress of formation. Thia 
Bpedmen, which was dredged up a few miles off Brighton, is 
■n aggregation of sand with recent marine shells, oysters, 
nuBsels, limpets, cockles, &c., and minute bryozoa ; f and 
Ikii example, from the coast of the Isle of Sheppey, consists 
entirely of cockles (Oardium edule), held together by con- 
{[lomented sand.} 

• It has been supposed, that, probably for a large portion of its entont, 
Itx depth of Iho ocean ia three times greater than the height of the high- 
Wt inonntains; and therefore that large apacea may be found to give 
■oundiniis of nr'srly eight milea' depth, — about three limes the averate 
height of (he Himatavan Mountains. 

t Medals of Creation, 2nd edit. vol. i. p. 385, lign. 12.1. 

I Ibid. p. see, lign. 121. 
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In bays and creeks bounded by granitic rocks, tbe seiu 
bottom is composed of micaceous and quartzose sand, conso- 
lidated into what may be termed regenerated granite. Off 
Cape Frio, on the Brazilian coast, solid masses of this kind 
are formed in a few months, and completely enveloped the 
dollars and other treasures &om the wreck of a vessel, the 
Thetis, to recover which an exploration by the diving-bell 
was successfidly undertaken.* 

31. ErFECTS OP CUEEEITTS. — The distribution over the 
bottom of the sea of the detritus brought down by rivers 
and streams, and of the materials worn away by the action 
of the waves on the shores, is principally effected by the in- 
fluence of currents, which, from their regularity, permanency, 
and extent, may be considered as the rivers of the ocean. To 
this agency I can but briefly allude, and shall restrict my 
remarks to the Gulf-stream, which is the great current that 
transports the waters, and the temperature of the tropical 
regions, into the climates of the north. From the mouth of 
the Bed Sea a current, about flfty leagues in breadth, sets 
continually towards the south-west ; doubling the Cape of 
Good Hope, it assumes a north-west direction, and in the 
parallel of St. Helena its breadth exceeds 1000 miles ; then 
taking a direction nearly east, it meets in the parallel of 3° 
north, along the northern coast of Africa, with a stream 
from the north ; entering the Gulf of Florida, the united 
currents are reflected and form the Gulf-stream, which, 
passing along the coast of North America, stretches across 
the Atlantic to the British Isles. At the parallel of 38^ 
nearly 1000 miles from the Straits of Bahama, the water of 
the stream is ten degrees warmer than the air. The course 
of the Gulf-stream is so fixed and regular, that nuts and 
plants from the West Indies are annually drifted to the 
western islands of Scotland. The mast of a man-of-war, 

* See C/ommander T. Dickinson's Narrative, Royal Society Proceed- 
iE;^ J833, p. 271. 
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burnt at Jamaica, was driren ashore several months afcer- 
watds on the HebrideB, "after performing a voyage of more 
limn 4000 miles under the direction of a current, which, in 
the midst of the oeeun, maintains its course as steadily as a 
cirer upott the land." • The quantity Mid rariety of detritus 
transported by such currents must be immense, and we 
tiefefore need not wonder at frequently fimiing the pro- 
ductions of different climates associated together in a fossil 
itate. 

32. IcEBEEOS AND OL4CIEHS. — From the consideration 
of the dynamical powers of water as a fluid, we pass to the 
eumination of its effects when consolidated by congelation. 
The character of the regions of eternal ice in the Arctic cir- 
de, — the floating ielanda and mountain-ranges composed of 
Kok-ice, which everywhere threaten with impending de- 
ibuction the intrepid mariners who penetrate the desolate 
polar seas, — the removal and transport of iniraenae massea 
of rocks and boulders by drifting ice-floes, and the diatribu- 
tiun of these materials in the bed of the ocean, or on the 
land, as the congealed water gradually melts when it ap- 
proaches a milder climate, — are phenomena so familiar to 
the English reader, from the graphic pictures and heart-stir- 
ring narratives, which have emanated from our naval officers 
Uid others engaged in the arduous service of the voyages of 
(Uacovery undertaken during the present century, that it 
will not be necessary to dwell upon the subject. 

Glaciers are sheets of ice, which are formed upon the tops 
and in the clefts and valleys of mountains that attain such 
an elevation as to be within the regions of eternal snow. 
They are not inaptly termed, by that moat charming of all 
philosophical travellers, Mr. Darwin, gigantic icicles. The 
lowest limit to which glaciers extend depends, of course, on 
^le height of the line of perpetual congelation, which vaiies 

• PUyfair'3 Wutka, editiun 1822; vol. i. p. 4V4. 
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ia different latitudes, and ia also modified by the confi^ur^ 
tion of the land. In the Alpa the traveller enters the r^ 
gion of eternal snow at an elevatioo of from 3000 to 7000 
feet 1 while in South America, under the equator, the heighfa 
of the Hnow-liae in equal to that of the eubmit of Mont Bluic. ■ 
Id the AJps there are vast tahle-landa, of from 100 to 30Oi 
square miles, composed of solid snow and ice, from which » 
descend enormous masses, elowly gliding towards the lowev 
regions, and hearing with them innumerable fragments of 
rock. Aa soon as these glaciers reach the lowest Limit of per- 
petual congelation, thej melt, and the fragments of roclc 
whieh they contain are deposited, and form mounds and 
ridges of stones of all sizes, which are called moraiuei ; these 
remain after all vestiges of the agent which produced them 
have disappeared. The difference in the character of the 
materials hrought down hy torrents and by glaciers is very 
manliest : for the former give rise to heds of gravel ; the 
latter to ridges or heaps of houlders. The movement of the 
glacier from the muuntain-top arises mainly from the pre»> 
sure of the ice-mass above, and from the softened state of the 
layer of ice in contact with the surface of tlie earth on which 
it rests ; for the beautiful experiments of Frofessor Forbei 
have shown that ice moves upon the principle of a tenacioiu 
or viscous fluid ; that is, hy gravitation on an inclined surface. 
The rocks forming the bases of the glaciers, and the sides of 
the valleys they have traversed, ore more or less polished 
and grooved, from the passage of angular masses of rock im- 
pacted in the moving ice : the grooves being in the direction 
of the movement of the glacier.* 

From careful observations on these appearances, M. Agafr 
siz has established characters by which, in countries where 

• See " Eludes sur loe Glaciers," by L. Agnaaiz ; Nouuliatcl, t840 ; j 
iind Iho MemoL™ of Prof. Forbes (in Ph[l. TriuiB.). "n 'he some Biibjecl ; 
iitao Forbea'g Trmela in Lhe Alpa uid in Norway ; and Tj'inJall's Lecture, 
Roy. Ia>lit.Jui. 23, IBar. 



INCRQBTIMG BPBINOS. 73 

tie hilla are at the present time far below the Bnow-line, 
eWdencenf former glaciers of great extent has been obtained. 
Haiij indications of ancient glaciera occur in England and 
Scotland: the accumulations of drifted materials, containing 
brge angular blocks, and disposed in long banks and ridges, 
M well as grooves and scratches on the surface of certain roL'ks 
Jbnmng the sides of valleys and slopes of hills, are regarded 
bjr some geologists as unequivocal proofs of a great extent of 
glaciers in these islands at a comparatively recent period : 
and the drift, boulders, and superficial allufial debris are at- 
tributed, in a great measure, to the agency of either icebergs, 
coaat-ice, or glaciers. But the sweeping conclusion of M. 
Agassiz, and others, that the whole of Europe was once 
covered with ice, should be received with much hesitation. 

The former eiiatence of glaciers in some parts of Great 
Britain, perhaps accompanied with a lower climatorial tem- 
perature than now prevails, appears to me the extent to 
which, in the present state of our knowledge, the glacial 
theory can be admitted as u vera cauna in our attempts to 
interpret the origin of the drift of the British islands. It 
may, however, be well to state, that, if an elevation of the 
European continent to the amount of but 2000 feet were to 
take place, a great part of its surface would be covered with 
glaciers and perpetual snow, and would cease to be habitable. 
33. Incrustinb bpbinqs.— The phenomena hitherto con- 
sidered are referable to the mechanical action of water ; and 
the effect baa been disintegration and destruction, iu the 
first instance, and, in the second, the accumulation of sedi- 
ments in water-courses, and their transport into the bed of 
the sea. We must now refer lo an operation of a totally 
difierent character — the power possessed by streams, as clear 
and sparkling as poet ever feigned or sung, of consolidating 
loose materials, of converting porous strata into solid stone, 
and of filling up their own channela by the deposition of 
3 matter. 
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That most fresh water holds a certain proportion of enr- 
bonate of lime * ia solution, is well known ; and also thst 
changes of temperatnre, and certain other causes, will oe- 
casion the calcareous earth to be in part or ■wholly preci- 
pitated. The fur, as it ia called, that lines a boiler which 
baa been long in use, affords a familiar iUuHtration of this 
feet. At the temperature of 60S lime is soluble in 700 
times its weight of water ; and, if to the solution a small 
portion of carbonic acid be added, carbonate of lime is 
formed, and precipitated m an insoluble state. If, however 
the carbonic acid be m sueb quantity as to supersaturate, 
the lime, it is aj^aiu rendered soluble in water ; and it ia 
thus that carbonate of bme, held in solution by an excess 
of carbonic ftcid, not m actual combination with the lime, but 
contained in the water and acting as a menstruum, i 
raonly fouSd in all waters. An absorption of carbonic acid, 
or a loss of that portion which exists in esceas, will there- 
fore occasion the ealcareoua earth to be set free, and j 
eipitated on any substancea in the water, such as atones, 
twigs, and leaves of trees, &c. Some springs contain so 
large a portion of calcareous earth when they first issue 
irom the rocks, and so speeddy throw it down in their course, 
that advantage has been taken of the circumstance to obtaia 
incrustations of various objects, as leaves, branches, baskets, 
neats with eggs, and even old wigs. The iacrusting springs 
of Matlock and other places in Derbyshire are celebrated 
for such productions.'!' The substance deposited ia termed 
tuia, or travertine; and in Italy and many other eountries, 
it constitutes extensive beds of concretionary limestone, 

■ Carbonate oflinxt caasals of lime in combination vith cathonic acid 
g»«, which ia a moat abunda.nt natural product Thia gaa ia inespinible, 
snd, when pure, will immediately suffocate an animal immersed in it, and 
eitinguieh dame. 

t An account of the incrusling springs at Matlock La given in " HedaJi 
of Creation," vol. ii. p. 872. 
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irliicb ia often of a wystalUne Btracture. The Cyclopeon 
Villi and temples of PiBstum are formed of travertinB. At 
tuttiB of San Filippo, in Tuscany, wLere the waters are 
ly charged with tufa, this property is applied to a very 
ingenious purpose. The stream is directed againat moulds of 
tnedallioiis and other bas-reliefs, and beautiful casts are thus 
obtained. 

31. iKcatrBTATiONS. — Aa specimens of thia kind are com- 
inonlj-, but erroneously, termed petrifactionH, it will be ne- 
MWMy to explain their real nature. We have before us seve- 
!■! incrustations from various places: baskets of sheila, and 
I twiti with esgs, from Derbyahire ; a bird from Knares- 
borough, in YorkBhire ; and twigs and branches partially in- 
L mtted, &Dm Ireland, Busaia, &c. 




1 need scarcely observe, that, on breaking Bueb specimens, 
*e find the enclosed substances to have undergone no change 
lut that of decay. In this iQcruatation (Liyn. 8) the twig, 
which is exposed in eevera! places, ia not permeated by atony 
matter, but is withered and brittle. Now, a true petrifac- 
Hon ia altogether of a dilfereot nature, the suhatance being 
more or less completely mineralized ; if we break it, we find 
that every part of its structure has undergone a chatige. 
Wood, for instance, is often entirely transmuted into flint 
or chalcedony, and may be cut so thin, that with a powerful 
lens the ramifications of the veasela and the atructure of the 



tisBues may bo seen, and from their form and dlspoBition. 
we may determine the particular kind of tree to which ths 
specimen belonged, ultliough it may have been eaBhriued in 
the atone for ages. When bono is petrified, tbo same phfr- 
nomenii are observable ; the moat delicate parts of the ia- 
ternal structure are preserved, and aU the cells ore iillcd up 
with calcareous spar, which ia oftentimes of a different colour 
from that of the walls of tlie cells, and thus a natural ana- 
tomical preparation of great beauty and interest ia formed. 

33. Lake of the iJOLrATA.BA.. — One of the most cele- 
brated travertiue-springa is the lake of tlio Solfatara, which 
lies in tho Cumpagna between Home and Tivoli, and ia fed 
by a atream of thermal water that flows into it from a neigh- 
bouring pool. The water is of a high temperature, strongly 
impregnated with aulphur, and saturated with carbonic acid 
gas, which, as the water cools, is constantly escaping, and 
keeping up an ebullition on the surface. The atream that 
flows out of the lake filla a canal, which is conapicuoue at I 
distance, from the line of vapour that emanates from ths 
water. The formation of travertine ia so rapid, that not 
only the vegetables and ahell-fish are surrounded and de- 
stroyed by the calcareous deposit, hut iusects also are fre- 
quently incrusted. In the beautiful specimens of travertine 
before us from the Solfatara, vegetable irapreasiona are di^ 
tinctly seen ; the cavities in these masses have been produced 
by the decomposition of the vegetable matter.* 

A considerable number of the ediSces of both ancient and 
modern Borne are constructed of travertine obtained from 
tiie quarries of Ponte Luccano, which Ims clearly originated 
from a lake of this nature. Fa^stum is also built of calcor^ 
ous tufa, derived from similar deposits. The waters of theie 
lakes, according to Sir Humphry Davy.f have their riao at 

• 8ae Appendix C. 

t dmioUUaiu in Travel: or, the Last Daya ara Tliilueopbcr. 



tlie foot of the Ai}etii]mes, and hold in eolution carbonic 
Mid, which boa diBsolved a portion of the calcareous rocks 
tbrDagh which it has paaaed ; the carbonic acid is dissipated 
bj the atmosphere, and the marble, slowly precipitated, as- 
miDM a crystalline form, and produces coherent stone. The 
acid originates in the action of volcanic firea on the calcare- 
OM rocks of which the Apennines are composed, and car- 
bmric'acid, being thus evolved, rises to the source of the 
spiings, and gives them their impregnation, and enables 
them to dissolve a large quantity of calcareous matter. 

38. MCaeblb of TiBaEEz. — In Persia, a beautiful trans- 
JSMnt limestone, called Tabrcez marble, ia formed by depo- 
litioD, firom a celebrated spring near Maragha, where the 
wliole process of its formation may be seen. In oue part 
the water is clear ; in another dark, muddy, and stagnant ; 
in a third it is very thick, and almost black; while in the 
lart stage it ia of a snowy whiteness. The petrifying pools 
ktok like frozen water ; a stone thrown on them breaks the 
«DBt, and the water exudes through the opening ; and in 
(ome states the process has proceeded so far as to admit of 
iralting on the surface of the lake. A section of the stony 
mats resembles an accumulation of sheets of paper, being 
finely laminated ; and such is the tendency of this water to 
wlidify, that the very bubbles on its surface become hard, 
U if they had been suddenly arrested, and metamorphosed 
ato a stone.* 

37. STA-LiCTiTEs AifD Cavesss. — By the infiltration of 
vater through limestone-rock a into fissures and cavities, 
sparry concretions are produced on the roofs, sides, and 
floors of caverns. The concretionary masses which are de- 
pendent from the roof Uke icicles are called stalactites; those 
which form on the floor, from the droppings of the water, 
are termed gtalogmUeg ; and when, as frequently happens, 
the two unite, a singularly picturesque effect ia produced ; 
• Morier'a Tmveb. 
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the caveB Appearing as if supported bj pUlorB of great beaofl 
and vanety," SometimeB a. linenr fieaure in the rooi^ 1| 
tlie direction it gives to the dropping of the lapidifyiq 
water, tbrma a perfectly transparent curtain or portitiuu. t 
remarkable inatance of thia kind occura in a caveru in Nad| 
America, called Weyer'a Cave, which is situated in the liia| 
Btone'range of the Blue Mountains. | There are also mi^ 
caverns in England celebrated for the Variety and beauty^ 
their sparry omamenta ; those of Derbyahire are welt knoWl 

The Grotto of Antiparoa in the Grecian Archipelago, nf 
&r from Pares, has long been celebrated. The sidea as 
roof of its principal cavity are covered with imnienae iacruij 
ationa of calcareous apar, which form either stalactites, di 
pending from above, or irregular piUara rising from the flooi 
Several perfect columna reaching to the ceiling have befli 
formed, and others are still in progreas, by the union of til 
stala<.'tite from above with the atalagniite below. These, baa 
composed of matter slowly deposited, have aaaumed the moi 
fantastic shapes ; while the pure, white, and glittering Bp| 
beautifully catches and reflecta the light of the torches < 
the viaitors to thia subterranean palace, in a manner whjq 
Cauaea all astonishment to cease at the romantic tales told ^ 
the place — of its caves of diamonds and of its ruby walli 
the simple truth, when deprived of all exaggeration, bein 
sufficient to excite admiration and awe.^ ' 

The specimens before iia will serve to illustrate these h 
marks ; these long atony icicles are from the lale of Fortlaod 
and these minute straws of spar are from an archway near tfi 
Chain Pier, Brighton, and have been formed by the infiltrt 
tion of rain through the superincumbent bed of calcareoS 

• A-ppendii D. + Appendix E. 

J A good ideH of (he celebrated Cave of Adelsberg deacribed b; Sir li 
Dbv^ as tha hnbitatian of the PrvUut, and of the Derbyshire caveni 
mny be oblained bji an inspeclion of the model in ihe CkiloBseunt in tt 
Regeot'i Pork i and also of that in the Cryatal PkIhcg Oaiden*. 



f 3S, », COIfSOLIDATION OP lOOBE SAND. 79 

roi'Jt, This mass of pebbles, held together by calc-spar, and 
coQtjiining bones a,ad teeth of some ruminaut, ie trotu the 
clifia at Kemp Town, and shows, that in periods very re- 
mole, the same proceaa was in action along the Sussex ahoreB, 
These beautitii) slabu of marble are portions of Btalagmitee, 
from St. Michael's Cave, Gibraltar ; and this large conical 
Ditta, which liniB been cut through and polished to show its 
Btnicture, was dug up on the summit of Alfriston Hill, in 
Snsaei, and must baye been formed in some fissure or cavern 
in the chalk, of wbieh no traces now remain. 

39, Consolidation of loose bajtd, &c. — The changes 
effected by thin process in strata composed of loose materials 
OB of Btill greater importance ; for by an infiltration of crys- 
tallired carbonate of lime aand is converted into sand-stone, 
—fragments of soft challc are transmuted into a sohd rock, 
it in the Coombe-rock of Brighton, — and accumulations of 
iKKh and gravel into a hard conglomerate, as in this eiam- 
ple of the ancient shingle-bed of the cUffa at Bottingdean ; — 
ihells, into a building- stone, as in this mass from Tlorida, — 
md the detritus of sheDs and corals, into hmestone, as in 
tlwse specimens from Bermuda. By this agency, the bones 
of animalB are permeated with calcareous spar, and their 
medullary cavities hned with crystals of carbonate of hme : 
snd day, which haa cracked by drying, has its fissures filled 
Dp, and becomes consolidated into those curious masses, 
(ailed teptaria, which, when poljahed, form the beautiful 
luble-slabs for which Weymouth is celebrated. 

39. Desthitction of eocks by cakbosio acid gab. — 
Although, in the instances above cited, water, by its com- 
bination with carbonic acid, occasions the solidification of 
loose and porous beds of detritus, yet the effect of this gas 
on certain rocks is that of disintegration ; for, by its solvent 
influence on the felspar, granite itself ia reduced to a friable 
state, tbe quartz and mica, which with felspar constitute 
that rock, being set at liberty. The disintegration of granite 



IB a Btrifcing feature throngbout eitenaive difttricta in Ant 
vergne, eepecially in the iieigLbourLood of Clermont. In tbfl 
ancient shingle of the cliffa at Eemp Town, near BrightoBj 
blocka of granite occur which may be cnunbled to piecM 
between the fingers. I have already shown yon maaaea id 
pebbles held together by calcarcoua spar, from the same lot 
cality; we have, therefore, examples, in that ancient shin^^ 
bed, both of the conseryative and the disintegrating efiecta €■ 
carbonic acid, — cementing the loose beach into solid bltx^ 
by calcareous depositions, and, when in a gaseous state, U 
combined with water, dissolving the granite by its action Ol 
the felspar. { 

40. Cabboric Acm oab in cateh. — The escape of at> 
bonic acid gaa through fissures into mines, weUs, and caveno 
is of frequent occurrence ; and, as the specific gravity of tllif 
gas ia greater than that of atmospheric air, it forma aa ifr 
visible pool at the bottom of these eavitjes, and its preseno) 
is seldom suspected until shown by its deleterious effectsS 
hence fatal accidents often happen to well-diggers and eioJ 
vators from this cause ;* it is called choke-damp by miueMbl 

The GroUo del Cane, near Puzzuoli, four leagues from N*? 
pies, has fur centuries been celebrated on account of thft 
constant evolution, from fissures in the rock, of carbonic adl 
gas in combination with much aqueous vapour, which ia cw 
densed by the coldness of the external atmosphere. iW 
floor of the cavern being lower than the entrance, the gaa It 
spread over the bottom like a pool of water, and the uppM 
part is free &om any noxious vapour ; the auflbcating effeet 
of the carbonic acid is, therefore, not felt by any creatiuH 
whose organs of respiration are above the level of this m^ 
phitic lake ; but if a dog, or other small animal, enter tJM| 
cave, it instantly falls senseless, and would expire if not, 
speedily removed: the name of the cave ia derived from tiw, 
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eipenioent being often maJe on doga, for the amuBeniBnt of 
viiilars.* It is imposaible to fire a piBtoI at the bottom of 
tlie caifem ; for, though gunpowder may be exploded even in 
arbomc acid by the application of a heat siiiEcient to decom- 
pose the nitre, and eonsequentlj to envelope the mass in an 
atmosphere of oxygen gaa, yet the inftuence of R mere spark 
IrDm steel produces too alight an augmentation of tempera- 
tare for this purpose.f 

41. CosaoLiDATios BY IRON.- — "Water charged with a 
lifge proportion of iron acta an important part in the con- 
tolidation of loose materiala, converting sand into irouEtoue, 
mi beach or ehingle into a. ferruginous conglomerate. On 
Clifh(n> Common, and in other places in the Ticinity of 
London, large blocks of a very compact breccia occur, being 
MKes of chalk-flinta, more or less broken aud rolled, ce- 
mented together by an infiltration of iron. In this example 
of • horBe-shoe firmly impacted in a mass of pebbles and 
■nd, from the eea-beach at Eastboum, the cement which 
™ds the moae ia derived from the iron. Nails are frequently 
wimd in the centre of a nodule of hard Handstone formed by 
'liis process ; the nail having supplied the wat«r with the 
BSterial by which the surrounding sand haa become con- 
OTted into stone. I have here a cannon-ball imbedded in 
the centre of a nodule of iron-stone, in which are several 
ojiter-sheUs : this specimen naa dredged up ofi" the Supses 
««*t, and haa evidently been couaoUdated by the partial ox- 
W»tion of the iron. 

In this mass of breccia, which has been produced by a like 
[•weBs, are two silver penniea of Edward I. ; it was found 
1" 1832, at a depth of ten feet in the bed of the river Dove. 
W Derbyshire. The coins are presumed to be part of the 
tfaeiirea contained in the military chest of the Earl of Lan- 
caster, which was loat in thia stream in 1-322 ; the soldiera, 
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being alArmed bj a sudden panic, threw the cbest with att' 

its CDut«utB into the Dove, and it was neTer recovered. T^m 
specimen, with many others, was dug up in deepening tlu 
bed of the river ; more thaa five centuries have, therefor^ 
elapsed since its immersion.* A particular account of tbii 
discovery is given in the Penny Magazine for Novembw, 
1834 ; many thousand silver coiiia, comprising a great variety 
of the English, Irish, and Scotch coinage of the IStfa aod 
14th centuries, were found imbedded in a hard conglomerate. 




This curious specimen {Lign. 9), for which I am indebted 
to my triend, George Grantham, Esq,, of Barcombe Place, 
Sufldex, was obtained from a Dutch vessel that was stranded 
off Hastings a century ago, iind became imbedded in 
and sand. It is a conglomerate of glass beads, knives, and 
sand ; tlie cementing material having been derived from the 
osidation of the blades. From the bed of the Thames, large 
tnasaes of a firm conglomerate are occasionally dredged up, 
r^'ia which Homan coiua and fragments of poH«ry are imbed- 
• See the Vignetle uC lieA'We-^a^e. 



ded ; tlie Btone being formed of aand and clay Bolidified by 
ferruginous infiltration. 

These specimeaa of oxide of iron were dug up in a morHhy 
Boil, near Bolney, in SusBes, and are of the Bame nature ae 
the aubataoce called bog-iron ore, which so frequently occurs 
in peat. SpecimenB of bog-iron are not imcommou in the 
superficial loam and grarel of the south-eaet of England. 
The ebony colour of the bog-wood from Ireland, which we 
have already noticed, has been derived from an impregnation 

The consolidatiou of sand, grayel, and other detritus by 
this agency ia taking place everywhere ; on the flhorea of the 
Mediterranean ; on the coasta of the West India Islanda, 
and of the Isle of Aacension ; and on the borders of the 
United States ; thus, the remains of man at Guadalonpe — 
of turtles, in the Isle of Aflcension— of recent ahella and 
bonea of ruminanta, at Nice — of ancient pottery in Greece 
— and of animal and vegetable anbatances, in our own coun- 
try, have become imbedded and preserved. 

I now proceed to notice a few instances of these aimple 
but important operations, by which much of the solid crust 
of the globe is continuidly being renewed. 

42. Rbgbst limestone of tue BBEMDnAa.— The shores 
of the Bermuda Islands* afford interesting examples of this 
clasa of depoaits in different states of consolidation. The 
sea surrounding the Bermudas abounds in corala and shells ; 
and from the action of the waves on the reefs and on the dead 
shells, the water becomes loaded with calcareous matter. 
Much of the detritus is transported to a distance, and aub- 
sidea in the depths of the oceau, imbedding the remains of 
animals and vegetables ; but a great portion is borne by 
the wavea towards the shores, and cast up on the strand in 
the state of fine earth and sand. This detritus is blown 

• See Nelson's Memoir on ibe Bermudas, Oeol. Tram., 1 mi.iA''^ 
p. 103; md cat tie Baluimas, Quart, (ieol. Joum., vo\. ii. ^.IRO- 
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inland by the winds, and is soon consolidated by the perco- 
lation of water and the infiltration of crystallized carbonate 
of lime ; a fine white calcareous stone is thus formed, which 
in Boine localities forms the drip-stone or filter-atone, and some- 
times is sufficiently compact for building. In tbia rock are 
numerous shells and corals, of species which inhabit the 
neighbouring seas ; in some instances the large mottled 
turbo, so well known to collectors both in its natural and 
polished state, with all its colours preserved, is imbedded ii 
a pure white limestone. In many specimens the colours ar 
faded, and the shells very much in the state of those found 
in the tertiary strata at Grignon ; in others the shelly mat- — 
ter is wanting, but the hard stone retains the forms and — ^^ 
markings of the originals. The corals are imbedded in a-^^ 
similar manner ; and masses occur in the limestone bo likfs?"^s 
the fossil corals of the oolite of this country, that it requireiH^"^ 
an experienced eye to detect their real nature. 

In a suite of specimens, showing the transition Crom looae^^^ 
sand to solid rock, we have — ^ 

1. Broken shells and conls. retainiog th^r coiouts. i 

2. Siinilu mnteruK mure comminuted and complelelj bleached. . ) 

3. An AggT^galion of fiue wnd aod vliile earth, broken shells, an^E^^ 

4. Friable limestone, rewmbling soft chalk, and composed of com — -^ 

minuted corals, corallines. &c. 
h. Hard limeUoue, of similat materials. 
6. Compscl limestonp. cnrelopinj ihelk and pebbles. 
1. A flue induiBicd limealona, so hard as to be with liifficully broker. -^"^ 

hj the hammer, endoaisc a lev absUa and corals : this stooe itsi^—" 

employed Du building. ■ 



■ On Ihia bu« MinmHu tdcIe Ib* coOfe-plaM finds sufficii 
P«C Vti is WWI it miKf pbcM p u w ia g IwciuiaBllj, its stems shootinj 
Ml fMH favtMWt A* cnriMa «r ttw aHva. bi the botanic 
at K«w w* aannl eadlaa g UMi ttm Baiaai^ paving 
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The Babamas, aud others of the West Indian. lelande, 
tnwnly consiat of similar coral- depoaita, Sorae of the itidu- 
nted coral-aands occaaioniiU; coataia eggs of alligators and 
oftartleB. 

In the lakes of Forfarshire, in Scotland,* freah-water liine- 
itoue, containing recent shells and aquatic plants, is in pro- 
gress of formation. In the spediiieiia before ub, which were 
uoUected by Sir C. Lyell, are various species of fresh-water 
aheUs, aud masses of that common ireeh-water plant, the 
Ohara medicaginula, beautifully preserved ; even the minute 
»e«d-veBsela of the chara are converted into stone, in pre- 
cisely the same manner as those in the ancient freah-water 
tertiary limestonea.f Here then is an example of the forma- 
tion of a modern lacustrine rock ; while, in the recent lime- 
»t«neB of Bermuda, we have proof that the sea is at this 
tFime forming shelly and coralline rocks, analogous to many 
of the ancient secondary strata. 

48. Foasit HUMAN bkeletoks. — Similar aggregations are 
■Ml progress along the shores of the whole West ludiau 




■^'ehipelago ; and in St. Domingo they have greatly ei- 
'^Oded the plain of Cayes, where accumulations of con- 

QeolopciLl Tranaactions, 2nd series, vol. t. p, 73. 
t See Geolopol Exuiiraiona roiuid Ihe Islo of Wighl, p. 77 ; Medils 
"'ftwlWD, Tol. L p. 195. 
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glomerate occur, and in which, at tlte depth of twent) 
feet, fragmenta of ancient pottery have been discovered. 
On the north-east coD^t of the main-land of Guadsloupe, 
a bed of recent limestoae forms a eloping bank irota the 
Bteep dig's of the island to the sea, and is nearly all sub- 
merged at high tides. This modem rock is composed of 
eoosoLdated sand and comminuted shells and corals of spe- 
cies now inhabiting the adjacent seas : land-shells, fragmentti 
of pottery, stone arrow-heads, carved atone and wooden o^ 
uameuts, and human skeletons, are occasionally found im- 
bedded in it. This circumatance, being the first known on- 
doubted example of the occurrence of human bonea in solid 
limestone, escited great attention ; and the fact, simple and 
self-evident aa is its esplanation, was made the foundation 
of many vague and absurd hypotheses. 

In moat instances the bones are dispersed; but a large 
slab of rock, in which a considerable portion of the skeleton 
of a female is imbedded, is preserved in the British Museum, 
and baa been described by Mr. Kiinig, in a highly interMt- 
ing memoir, publiahed in the Philosophical iWisactiona of 
1814. The annexed representation {Li^n. 11) will confej 
an idea of this celebrated relic, which was detached from tbe 
roek at the Mole, near Point-a-Pitre. 

In this Bpecimeu the skull is wanting, but the spinal 
column, many of the ribs, and the bones of the left arm and 
hand, of the pelvis, and of the thighs and legs, remain. 
The bones atiU contain some animal matter and the nbole 
of their phosphate of lime. It is remarkable, that the frag- 
ments of the skull of this very specimen have recently been 
purchased, for the museum at South Carolina, of a Prench 
naturalist, who brought them from G-uadaloupe ; and tbev 
have been described by Professor Moultrie, of the Medical 
CoUego of that State. These relies consist of portions of 
the temporal, parietal, frontal, sphenoidal, and inferior mas- 
illary bones of the right aide of the skull. An entire skelB- 
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wan also discovered in the usual poBition of burial ; 
another, in a sitting poahire, in a softer sandstone. The 
iea, thus diiferently situated, may hare belonged to dis- 
t tribes. G-eneral Emouf, vho carefully investigated 
interesting deposit, conjectuied that the presence of 
bones might be eiplaiued by the circumstance of a bnt- 
and the massacre of a tribe of Gallibis by the Cariba, 
ih took place near this spot, about 120 years ago ; for, 
be bodies of the slain were interred ou the sea-shore, 
r Bkeletona may have subsequently been covered 1 




l-drift, vFhich has since consolidated into limeatono. Dr. 
Utrie, however, irom a rigorous examination and corn- 
son of the bones of the skuD in his posaeaaion, is of 
ion, that the specimen in the British MuBeuni did not 



belong to an individual of the Carib, but to one of the Pen> 
Tum race, or of a tribe po^eaning a similBr craniological ds- 
Telopmeat. 

In another skeleton from Ouadatoupe, now in the mit 
aeum of the Jardia des Plantet, and reppesented in thi 
edition of Cuvier'a Theorie tie la Terre, the figure is bent, 
the Bpine forniB an arc, and the tliigha are drawn up as if 
the iadiridual were in a sitting posture ; a portion o" 
upper jow, and the left half of the lower with several teeth, 
nearlj the whole of one side of the trunk and pelvis, i 




eonfliderable portion of the upper and lower left estremi- 
tiea, are preserved (^Lign. 12) , The atone encloses terreBtrial 
and marine ehelU ; it is evident that the former have been 
drifted by etreams from the interior, and the latter depoait> 
ed by the sea. In the bed from •M'o.vi'a ttia block was ef 
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ted, were found teeth of tke Caiman (a species of cro- 
codile), stone htttcheta, and a piece of wood, having rudely 
sculptured on one side a maak, and on the other the figure^ 
of BM enormous trog ; it is of giiaiacuni, but has beeome es- 
tremely hard, and as black as jet.* 

Huniaa ekeletena have also been found in solid calciv- 
reoua tufa nenr Santa in Peru, Bones, belonging, it is 
computed, to some scores of indiriduala, were discovered 
imbedded in travertine, containing fragments of marine 
shells which still possess colour. The bed of stone is cover- 
ed by a deep vegetable soil, and forms the face of a. hill 
crowned with brushwood and lurge trees, on the side of the 
river Santa. I 

44. Isle oi' Ascension. — In the Isle of Ascension, 
which is a volcanic cone in the midst of the Atlantic, and 
sppeara to have been a dome of trachytic roclts, subsequent^ 
'y affording vent to lava-currents, a recent deposit of oon- 
e'omerate is going on. Its coasts are flanked by accumu- 
lationa of concreted sand with comminuted shells, corals, 
echini, and fragments of lava. The specimens before us ore 
portions of this modern rock in various states of consolida- 
tion ; they are composed of corals, which still retain their 
■^lour, of shells, more or less broken, and of sand of similar 
■Oaterials ; they also contain pebbles of trachytic and glassy 
lava. The shores of this island are a favourite resort of 
'irlles, which repair thither in immense numbers, and de- 
Posit their eggs in the loose sand : the rapid conversion of 
the coarse calcareous banks into solid stone occasions the 
frequent imbedding and preservation of the eggs ; and there 

• In fotmor editions of Oiis work inotico was given of some auppoBPd 
imprinte of human feet on limestone, £^red and described in an early 
loluma of the American Journal of Science. These markinBB haye since 
been carefully examined by Dr. Dale Owen, of New Harmony, and 
prove lo have been sculptured by (he Aborigines. 

t kmencan Philosophical lYonsaclions for \.m&, ■^. 183, 
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the percolation of water holding iron in solution, and in 
some places forms ranges of low mounds, and hills forty 
feet high! This sandstone is an interesting example of a re- 
cent formation, and has been described bj Dr. Paris (the 
late distinguished President of the College of Physicians), in 
one of the most lucid an^ instructiye essays on modern de- 
posits that has appeared in this country.* The sand has 
evidently been drifted from the sea by hurricanes, probably 
at a yery remote period ; it is first seen in a slight, but in- 
creasing, state of aggregation, on seyeral parts of the shore 
in the Bay of St. Ives. Around the promontory of New 
Kaye, the sandstone occurs in various degrees of induration, 
from that of a friable aggregate to a stone so compact as to 
be broken with difficulty by the hammer, and which is used 
in the construction of buildings. Upon examining the stone 
with a lens, it appears to be principaUy made up of com- 
minuted shells ; and it is worthy of remark, that the shelly 
particlefe are frequently spherical, from the previous opera- 
tion of water ; and some portions of the rock closely resemble 
the ancient limestone called oolite , which will hereafter come 
under our notice. The rocks upon which the sandstone re- 
poses are clay-slate and slaty limestone; and the water 
effecting their decomposition may have thus obtained the 
iron, alumina, and other mineral matters by which the loose 
sand has been converted into sandstone. The infiltration 
of water thus impregnated is a common and extensive cause 
of lapidification : at Pendean Cove, granitic sand is gra- 
dually hardening into breccia, by this process ; and in the 
island of St. Mary, is becoming indurated by the slow action 
of this chalybeate. 

47. SiLicEors DEPOSITS. — Silex, or the earth of flint, a 
combination of the metallic base called silicon with oxygen, 

is a mineral which constitutes so large a portion of the rocks 

* 

♦ Appendix ¥. 
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and strata that it is computed to form, either in a pure or 
combined atftte, nearly one-iiftlf of tbe solid cruat of the 
globe. The flints from our ehidk-clifls, and the pebbles of 
agate, quartz, fiint, and chalcedony among the gravels on 
our sea-shoree, are well-known examples of the usual varie- 
ties of Biles. 

I scarcely need olserve, that tliis nodule of flint, obtained 
from a neighbouring ehalk-pit, has once been in a soft or fluid 
state ; for there are many sharp impressions of sheila, and of 
spines of an echinus, on its surface.* We have already seen 
that water impregnated with carbonic acid gas is capable 
of holding lime in solution, and that travertine, limestone, 
and other calcareous deposits have originated irom this 
agency ; and although, even in the present advanced state 
of chemical knowledge, we are but imperfectly acquainted 
with tbe process by which any considerable proportion of 
flint can be dissolved in water, yet we have unquestionable 
proofs, that the solution of siliceous earth has been effected 
by natural processes on a very extensive scale. At the 
present moment. Nature, in her secret laboratories, is still 
carrying on a modification of the same process ; and of this 
fact we have remarkable instances in the Geysers of Ice- 
land, and in the Azores, and in New Zealand. A high 
temperature appears necessary to enable water to hold in so- 
lution a large quantity of ailei ; for we find that the ther- 
mal springs of volcanic regions are the only agents by which 
siliceous deposits and incrustations are at present produced. 
The difference between the modem siliceous sinier and the 
fiint of the cretaceous strata appears to be referable to the 
subaerial deposition of the former and the submarine forma- 
tion of the latter. 

48. The Getsees of Icelanb. — The Geysers, or inter- 

• See "Thoughta oa a Pebble; or, a Fiiat Le^on m Geo\iysi." 



mittent boiling fountains, of Iceland have long been 
brated for poBaeaaing this property of depoaiting ailiceota 
Binter in an eitraordiuary degree ; holdiDg a large quanti^ 
of silex in solution, and depositing it, when cooling, oi 
vegetables and other eubetances, in a manner Bimilar to thtf 
in which travertine is precipitated by the incrusting springi 
of which we have already spoken. Iceland may be uonaidei* 
ed as a mass of volcanic matter; the only Bubetances not at 
igneoua origin in the whole island being deposits of surtimV 
brand (foBsil wood or lignite), in which occur leaves, truok^l 
and brancboB of trees, with clay and ferruginous earth.' 
These strata support alternating beds of basalt, tufa, and< 
lava, which form the summit of the hill in which the veget- 
able remains occur. p 
The Geysers, of which there are a considerable Dumber,<«l 
are springs, or rather intermittent fountains, of hot water, * 
which issue from crevices in the lava. A jet of boilinJT 
water, accompanied with a great evolution of vapour, fintj 
appears, and is ejected to a considerable height ; a volunwJ 
of steam Biicceeda, and is thrown up with prodigiouB forco,'! 
and a terrific noise like that produced by the escape rf' 
vapour from the boiler of an engine. This operation eon- i 
tinues sometimes for more than an iiour, when an interval || 
of repose of uncertain duration succeeds, after which the f 
same phenomena are repeated. If stones are thrown into I 
the month of the cavity from which the fountain has issued, ,' 
they are ejected with violence after a short interval, and ■ 
again jets of boiling water, vapour, and steam appear in suo- 
cession The crupHons of the "great Geyser," witnessed 
by Sir G S. Mackenzie,* were preceded by a Bound like 
the distant discharge of heavy ordnance, and the ground 
shook sensibly ; the Bound was rapidly repeated, when the 
water in the basin, after heaving several times, Buddenly 
■ Trsvela in Iceland, in tlie aumniei of Ibe year 18[0, by Sir Georga 
Sleuart Mackenzie, Bart 
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nm in a large column, accompanied by clouds of eteam, to 
\}a height of ten or twelve feet. The column seumed to 
krst, and, ainking down, produced a wave, which cAuaed 
t to overflow the baaiu. A sucoeHBion of eiglitcuii 




ttaty jete now took place, some of which t 
Wght of from fifty to nmety feet After the last eruption, 
ifhich wag the most viident, the water suddenly disappear- 
ed, ukd sunk down the pipe m the centre, to a depth of ten 
feet J but in the courae of a few hours the phenomeua were 
'cpeated, and with increased energy. The ba&ui cit ^ki^ 
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A large boiler or kiln, used in India for vitrifying broi 
stone- ware, was heated by four exterior furnaces, each sis lao 
long and five wide. Between eacb of tbeae fumacea and thi 
kiln a deep pit was made, and filled to a height of three 
with water, which was renewable from without. Some 
Bpathio and BihceouB minerals were placed in the directioi 
of the current just within the kiln ; and upon some of tin 
arches a few earthenware vessels were placed, that any actiiq 
upon them might be observed. Below a full red heat bi 
little effect waa perceived ; but at a temperature above tha; 
of fused cast-iron, a rapid solution of mineral matter tootJ 
place ; this heat waa continued for ten hours. When tiis | 
kiln was opened, more than a hundred- weight of minenlij 
matter had been dissolved and carried away in the vapoiO^ 
The wail of the kiln was eaten away, and presented a corroded 
and ungla2edsurface,!ike loaf-sugar partially melted by watw; 
and there waa no appearance of the amooth glased suriao^ 
whicji invariably attends the action of an alkali on a silio^ 
ous aubatance. Some of the earthenware vessela were pan 
tiaJly eaten through ; but on the uppermost arch, where thQ 
heat was only a full red, a curious phenomenon appeared^ 
the artielea there bad received, eiterior to their own gtazin^l 
and loosely incruating it, a complete frosted aUiceouH coab^ 
ing, having the appearance of a candied surface. This wav ' 
evidently a precipitation from the vapour; in fact, a boar-.' 
frost of ailex. There waa from half an ounce to an ounce at 
each vessel, and altogether aeverol pounds were thus pi»-_ 
cipitated; but by far the greater part of the vapourixedJ 
mineral waa, as might be expected, carried away by the cuM 
rent, and dissipated in the air. This powerl'ul action wan 

the air, or to hent.pail of the water eTapointes, and the ma3ssoIidtQesiiil9|| 
a substance capubte of scratching glass. It la this fluid ailicalc of sad*j 
combined with sand uid olhei materials, irhich, raised to red heat in k 
kiln, is fused into a glass, sad thus forms u durable compound as inde- 
■Iniclible as flint itself. 
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apparently entirely due to the presence of water ; there be- 
ing at all timea the same quantity of nllcali present in the 
fuel, whatever that might have amounted to, without pro- 
ducing such an effect. The experiment is conclusive as to 
the solvent power of water at a. very high temperature on 
silica and siliceous rocks ; for the action eonnot be attribut- 
able to the alkalies, because, under precisely similar con^ 
ditions, the experiment failed when there was no water ; and 
besides, each pound of alkali would have had to dissolve 
forty pounds of silica. Mr. Jeffreys has in fact performed, 
on a small scale, the same operation which is incessantly 
going on in the volcanic regions of Iceland and New Zea- 
land, and established the potency of heated water and vapour 
to effect the solution of siiei.* 

51. HBRTFOBrsHiHE PUD DING- ST ONE.- — "We have before 
aa numerous eiamplea of conglomerates formed by carbon- 
ate of lime ; in other words, aggregations of pebbles, sand, 
shells, and corals, cemented together by calcareous spar; 
and others by ferruginous infiltrations : but this specimen 
is a congeries of rounded flint-pebbles, imbedded in a sQice- 
OX18 paste. This conglomerate is commonly called Hertford- 
sbire pudding-stone, and was foriuerly in much request with 
lapidaries; for the cement being as hard and solid as the 
pebbles themselves, the stone admits of being cut and pol- 
ished into a great variety of ornaments. In ancient times, 
it was used for querns or hand-mills. The formation of this 
rock must have resulted from a stream of siliceous matter 
having flowed through a bed of gravel, and cemented the peb- 
bles into a sohd mass, wbde thoBO portiona which the liquid 
flint did not reach remained as loose water-worn materials. 

But there are many very hard sandatones composed en- 
tirely of siliceous granules, which appear to have been con- 
solidated simply from the effect of great pressure, there 

• See an account of Mr. Jeffreys' experiment in Re^m^ol&e^vOiSa 
kasociaUon of Science, 1840. (Tranaa.ctions of tbe Secliom.l 
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being no cementing medium ; the rock, when broken, ap— 1 
peftriiig lite the fractured Burfaces of fine sugar* 

It ie uot my intention in this lecture to dwell on the sili- 
cification f of the remains of animals and plants ; it will 
suffice to remark, that in silicified wood the most minute 
vegetable structure may often be detected, stthough the speci- 
mens will strike fire with ateel ; and that the moat delicate ' 
and perishable animal tissues are often preserved in flint. 

52. Effeotb of uiqh tempehatuke. — The pheaomencb 
presented to our notice in this investigation of the Gejeee^ 
of Iceland, and other natural solutions of silex in thermE«J 
waters, lead to the consideration of another agent in tli.^ 
transmutations that take place in the crust of the globe, t 't 
must bo obvious to every intelligent mind, that beds of looa^ 
and porous materials can have acquired harduess and solidit^;^ , 
only by one of the following processes ; namely, either i» J I 
matter dissolved in a fluid and deposited among the porou«*1 
masses in the manner just described, or by the reduction d*' 
the materials by heat into a state of softness or fusion, si»-* 
their subsei]uent conversion, by cooling, into a solid mass — X 
Fire, or, to speak more correctly, a high temperature, bo^*'" 

• A consolidalion of ihis Idnd can ba produced Biliflcially. In t*^*! 
eiperimenLs made for the trial of the sliengtli uf guupowdcr, lcalhe^c~*J 
bags filled with eimd ace put into the mortar which is to leceire the caw^*' 
non-ball propelled by the powder from another gun at the diatancii *^ 
only fifty feet. The sand in frequently compressed, by the pcreussion ^-'^ 
the ball. Into a moss of landstone, snfficictilly Snn to remain solid oc* 
bear handling; and ihissaudalune is perfectly free from any comanl. T*^** 
coDioIidatiug power of great presBUie has littely been ingenioiuty applitff" 
to TariouH purposes ; among others, to the formalian of leaserie boK^^ ] 
porcelain-eanh, and of graphite or plumbago, fit for the finest pencil ^^ ^ 
from the rubble of rejected ore formerly thrown by as useless. Th** 
mbhle is reduced to on impalpable povder, and then subjected to giu^ 
pressure in moulds : this prepared mineral is now generally employed f^^^ 
the best lead-pencils. Dawson's pateot fuel, formed of coal-dust an-'^ 
water forcibly comprcssEMl, id anuther instance of this kind of consoUdatioi^^ 

f Peliifntlion by flint. t I'layfair. 
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«Ter induced (whether by electro- magnetic influence, or by 
central or medial sourisea of heat), and water are therefore 
the chief agents by which the mineral masses composing the 
cniat of oiir planet have been and aro HtiD being modified. 
We have already seen how vast are the cliangea which re- 
sult from the effects of water ; we must now take a rapid 
BUirvey of the influence which caloric ia capable of exerting ; 
an influence far more univeraal and varied than we may at 
first be prepared to eipect. 

The expansive power which heat eierts on most substances, 
uid its conversion of the moat sohd and durable bodies, first 
into a fluid, and lastly into a g&seoua state, are phenomena 
BO familiar as to require no lengthened comment. But the 
efi'ects of heat are found to vary according to the circum- 
stances luider which bodies are Bubmitted to its influence ; 
hence the changes induced by high temperature beneath 
great preaaure are totally difierent from those eftected by 
fire on the surface, under the ordinary weight of the atmos- 
phere. A familiar emmple will serve to illustrate my mean- 
ing. Chalk consists of lime combined with carbonic acid ; 
and aa, for agricultural and other economical purposes, it ie 
desirable to have the lime in its pure state, the chalk, or 
limestone, is exposed to great heat, in kilna erected in the 
open air, until all the carbonic itcid gaa ia dissipated, — when 
the atone is said to be burnt into quicklime. In the. spe- 
cimens before us the same substance is seen in the state both 
of chalk and lime. It may readily be conceived, that, if this 
operation were conducted beneath such a degree of presaure 
aa would prevent the escape of the gaseous elements, the 
formation of quickhme would not lake place; the chalk 
would be fiised, and the carbonic acid, released from its pre- 
sent relation with the calcareous particles, would enter into 
other combinations, and the mass, when cooled, be wholly 
diiferent from the product of the lime-kilns, formed by the 
same o^ucy in the open air. Experiments have proved that 
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this opinion is correct. Sir James Hall eiposed pounded 
eha\k to intenae beat, under great pressure, aad it wai 
fused, not into lime, but into crystalline marble : even the 
shell e enclosed in tho chalk, underwent the saniB traDsmnb- 
tion, yet preserved their forms.* That annJogous changei 
hare been effected by natural operations wo have abundant 
proof; but in this stage of our inquiry it is only necesawy 
to remark, that, where ancient streams of lava have traveraeii 
chalk, the latter invariably possesses a crystalline structure. 
"We shall hereafter find, in a:Ccordance with the philosoptioJ 
theory of Dr. Hutton, that all the ancient strata have beaa 
more or less modified by heat, acting under great presBace ' 
and at various depths ; and that the present position ini 
direction of the rocks composing the crust of the globe haw 
been produced by tho same cauae-t The Huttonian theory, 
indeed, ofiera a satisfactory explanation of a great proportion 
of geological phenomena, aad enables ns to solve many of 
the most dif&cult problems in the science ; and it is but an 
act of justice to the memory of its Dlustrious founder, and 
of his able iOustrator, Professor Playfair, to state that this 
theory, corrected and elucidated by the light which modern 
discoveries have shed upon the physical history of our 
planet, is that embraced by the most distinguished modera 
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53. Volcanic agency. — Of the activity and power of 
the agent to which these remarks more immediately refer, 
the currents of melted rocks, called lavas, ejected through 
Lce« and fissures of the earth, accompanied with evolu- 

lable drawn up ivilh due caution by Sir James Hall, it ■■ 

inder a depth o( the sea, not eiceedjng ona-lhiid of a mlU, 

chalk, Bubjectad to great heat, would be couiertcd into a crystalline limft' 

BtoDe, aud that at a depth of little more Ihnn a injie it would be in a atats 

of fusion, provided Ihere were no TcfriBerating cauaea in action. 

i See Playtjir's llluatraliona ef the Huttoniaa Theory, vol. i. p. 33. 

1822. 
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li'ons of heat and vapour, afford tte most striking proofs j 
ind the volcano, with its frequent eoocomitaot, tlie earth- 
quake, have in all ages excited the terror and Batouishnicnt 
of mankind. It would be foreign to the deaigu of this dis- 
course, to dwell upon the nature and causes of volcanic 
action- Dr. Daubeny,* Mr. 8crope,+ and others, have pub- 
iiahed highly interesting treatises on the subject ; and Lyell 
and Delabeche have given admirable sketches of volcanic 
pfcenomena.J I will only advert to the increased tempera- 
"fcure of the earth in proportion as we descend from the 
Burface towards the interior, and the profound depths from 
■^hich thermal waters take their rise, as tending to support 
tie opinion, that volcanic eruptions are occasioned by causes 
■wtrhich. are constantly in action in the interior of the globe, 
~VF"e ahall hereafter have occasion to demonstrate that dis* 
locations of the strata, elevations of the bottom of the ocean, 
aubsidences of the land, and eruptions of melted mineral 
xuatter, have taken place from the earliest periods within the 
Bcope of geological inquiries. 

The eipansive power of caloric, even in ordinary circum- 
stances, is very considerable, as is shown by the instrument 
called a pi/rometer, which illustrates a fact continually pre- 
sented to our notice, namely, the expansion of a bar of metal 
liy heat, and its contraction, by cooling, into its original 
dimensions. The expansion of solid bodies by heat, when 
effected on a large scale, gives rise to many interesting 
■phenomena. The careful experiments made by Colonel 
Totten, on the expansion of granite, marble, and other 
rocks, by variations of temperature, have shown that the 
mere expansion, or contraction, of extensive beda of these 
materials will account for the elevation and subsidence of 

• D«ul)en7'fl Leclurea on VolconoB, 1826. 

\ Scrapa'a CodsideralJDiis oa Volimnoa, 1825- and Geol. Journ. vol. 
lu, 1856. 

X Frlnciples of Gcolog; : GcologicaJ Ohservei. 



r 



106 THE WONDERS OF OEOLOOt. LK 

conaidorable tracts of country, and explain many analog 

5'Ij. SUSaiDEIJCE AMD BLKVATION OP THE TEUFLX 

JupiTEK AT PuzzuoLi, — One of the most interesting 
Bmplea of local elevation and subsidence, apparently re» 
ing from this cause, is that afforded by the remaiuB of 
celebrated temple of Jupiter Serapis. at PiizzuoH. 




These ruins are situated on the northern shore of 
Bay of Baiie, at no great distance &oui the Solfatara, 
consist of the remains of a large building of a qiiadrang 
form, seventy feet in diameter ; the roof of which was I 
ported by twenty-four granite columns, and twenty-tw 
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narble, each formed of a single stone. Many of the pillars 
LTe brokenand their fragments strewed about the pavement, 
>iit three remain etauding, and on them are inscription a, 
let traced by the Greeks or Eomans, but by some of the 
iijnplest forma of animal eiiatence, which have here left en- 
Luriug records of the physical changes that have taken place 
>ii these shores, since man erected the temple in honour of 
ua imaginary gods. The sur£ice of the columns, the tallest 
>f which is forty-two feet in height, is smooth auduniujured 
'tt} an elevation of about twelve feet from the pedestal, where 
a. band of perforations, nine feet wide, made by marine boring 
iKiUBsela {tnodiola JiVSopJaya), commences ; and above this, 
'lial is, at the height of twenty-one feet from the pedeittal, 
^liese cavities disappear. The hollows, many of which atili 
iiontain shells, sand, and microphytes, are of an elongated 
iilliptical shape, and are bo numerous and deep, as to prove 
•jnquestionably that the pillars were submerged in sea-water, 
't^he base and lower portions having been protected from the 
<lepredationa of the boring shells by accumulations of rub- 
\iiah and tuta ; while the upper parts projected above the 
'Vatera, and cobaequeutly were beyond tlie reach of the 
iithodomi.* The platform of the temple is now about one ■ 
ibot below high-water mark ; ' and the sea, which is only 
forty yards distant, penetrates the intervening soil. The 
upper part of the hand of perforations is now at least 
twenty-three feet above the level of the sea ; and yet it is 
evident that the columns were once immersed in salt water 
for a long period. It is equally clear that they have since 
been elevated to their present height, and yet have main- 
tajned their erect position, amid the eitraordinary changes 
to which they were subjected ; thus incontrovertibly proving, 
that the relative level of the land and sea, ou that part of 
the Uediterranean coast, has changed more than once since 

ia; from Uthm, slone, aud duiita, luibiLaUuii. 
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the Chrishan era ; each movement, both of BuhBidence an*: 
eleTation, having exceeded, twenty feet.* And there, at th* 
present moment — 

»" Those lonelj' columns stand eublime, 
Plingiag their BhBdo\Ts from on higii, H 

Like dials which the wizard Time I 

Had raised to couni: hia ages bj '. " — MooBS. ^ 

65. HisTOBiCAL ETiDENCE. — Fortunately, historical eri_ — "^ 
dence throws some light on the reBpective dates of the mor — ^ , 
considerable changes of level that the area on which th^^^ 
temple is situated has undergone. From inscriptions record — "^ 
ing the embellishment of the temple by Septimus Severa^^^ 
and Marcus Aurelius, we learn that the buOdingwas entire ***' 
and occupied its original position, in the third century. Ic::^^' 
1198 the eruption of the volcanic lake of the Solfatara too l^r-* 
place, and was accompanied by earthquaiea ; a sabsidenc^^^ 
of the coast followed, and sunk the temple to a depth that^^" 
submerged the columns in water to a height above the ban^^^ 
of perforations. This state of things must have coutinuettf^ 

until the beginning of the sixteenth century ; for the Sat dis 

triet called La Stafza, on which the temple stands, is de ' 

Bcribed by contemporary obscrvera aa being covered by the^^^ 
sea in 1530. Eight years afterwards earthquakes were veij "iS 
frequent and violent along that part of the NeapoHtan coast^c: ~ 
and on the 29th of September a volcanic eruption suddenly "^ 
burst forth, and threw up, in a single night, a mound o^^^ 
pumice and ashes 450 feet high, and a mile and a half in^^ 
circumference, which still remains, and is called Montu ^^' 
Nuovo. During this catastrophe the coast on the north of^^ 
the Bay of Bais was permanently elevated to the height of^^ 
twenty feet, and formed a tract 600 feet in breadth, includ — "^ 
ing the area occupied by the ruins of the temple, which- 
were also elevated above the reach of the water, several ot^ 

" For a full account of the phenomena, see Principleg of Geology, 



tte columns retaining their original position.* These in- 
teresting rclica of antiquity appear to have been wliollj neg- 
lected until 17C0, when the shrubs and weeds with which 
ttey were overgrown and concealed were removed, and the 
earth accumulated in the court of the temple cleared away. 
IFor the last thirty or forty years a alow auhaidence of thia 
coaiit appears to have been going on, and the floor of the 
t:^emple is now often under water.! 

56. CiUSKa OF THESE ottANGES. — Mr. C. Babbage attri- 
butes the traoijuil elevation and depression of the temple to 
tte contraction and eipanaion of the strata on which it waa 
l>uilt ; the sources of volcanic action in the Burrousding 
•Country being very numerous, and a hot spring still eiiat- 
ixig on the land-aide of the ruins. The change of level is 
"fherefore easily accounted for, by supposing the temple to 
Ikave been built on the surface, when the rocka beneath 
"^ere expanded by the efl'ecta of a high temperature, and 
"tlat they suhaeijuently contracted by slow refrigeration. 
~Vfhen this contraction had reached a certain point, if a 
^&esh accession of beat from the neighbouring volcano took 
^lace and increased the temperature of the strata, they 
^Vrould again expand, and thus raiae the ruins to their pre- 
sent level. 

Mr. Babbage carriea out theae views to explain the eleva- 
"tdon of continents ajid mountain -rangea, asauming the fol- 
Xowing facts aa the basis of his theory : — 

lit. As vre descend below l!ie surrEice of the earth, the temperalure 



* See Professor James Forbea'a Notices on the histoiical eyideuce re- 
l»Cnglo the elevaliona and subsidences of the Temple of Jopiler at Pm- 
iDQli, uid of the adjacent coEiBt. — Breatter'a Edinburgh Journal of Sci- 
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3rdl3r. Rocks and stimta of dwwmiUr cliaracten present a oonespood* 
ing difference as conductors of caloric 

4thly. The radiation of heat from the earth Taries in different parts of 
its surfJEU^ ; according as it is covered by forests, moontaina, de- 
serts, or water. 

5thly. Existing atmospheric agents, and other causes, are oonstinUy 
changing the condition of the surfitce of the globe. 

Thus, wherever a sea or lake is filled up hj tbe wearing 
down of the adjacent lands, new beds are formed, condttct- 
ing heat much less quickly than the water ; while the radia- 
tion from the surfsu^ of the new land will also be diflferent. 
Hence, any source of caloric, whether partial or central, 
which previously existed below that sea or lake, must incr^e 
the temperature of the strata underneath to a much higher 
degree than before, because they are now protected by a bad 
conductor ; * and their expansion must therefore elevate 
the newly-formed deposits above their former level ; — thus 
the bottom of an ocean may become a continent. The whole 
expansion, however, resulting from the altered circumstances, 
may not take place until hn^ after the filling up of the sea ; 
in which case its conversion into dry land will result partly 
from the accumulation of detritus, and partly from the ele- 
vation of the bottom. As the heat now penetrates the new- 
ly-formed strata, a different action may be induced, the beds 
of clay or sand may become consolidated, and instead of ex- 
panding, may contract. In this case, either large depres- 
sions will occur within the limits of the new continent, or, 
after another interval, the new land may again subside, and 
form a shallow sea. This sea may be again filled up by a 
repetition of the same processes as before ; — and thus alter- 

• Sir John Herschel observes, that this process is precisely similar to 
that by which a great coat, in a wintry day, increases the feeling of 
warmth ; the flow of heat outwards being obstructed, and the surface of 
congi'Iation removed to a distance from the body by the heat thereby ac- 
cumulated beneath the new covering. 



^1 ngtions of marine and fresh-water deposits may occur, having 

B,l mterposed hetween them the productiona of the dry land." 

»/ To review the physical changes which have taken place 

J Motmd the Bay of Naples would prove highly intereating, 

n W my limits will only permit me to observe, that whole 

ffloimtains have been elevated on the one hand, and temples 

>nd palaces submerged benea.th the sea on the other. In 

our sister island we have evidence of former chaDges of a 

liice nature, and which are alluded to by our inimitable lyric 

poet, in the following heantifui lines ;^ 

"On Ln\igh Neagh's basks as thd fisherman strays, 
Wbcn the clear cold eve 'a declining, 
He sees Oie round towers of other days 
In the wave lienenth h-im shining ! 
" Thus shall memory often, in dreams snblime. 
Catch a glimpse of the days that are oTer ; 
Thus, sighing, look throii|:h ihe wares of time 

For the long fajied glories they coTer 1 " — Moobe. 

57. EirETATION OF THE COAST OF CffTLI. OoC of the 

moat remarliable modem iiistaBcea of the upheaval of an 
extensive tract of country, is that recorded by the late Lady 
Calcott (then Mrs. Maria Graham) as having been produced 
by the memorable earthquake which visited Chili in 1S22, 
aud continued at short intervals until the end of 1823. The 
shocks were felt through a space of 1200 miles, from north 
to south. At Valparaiso, on the morning of the 20th of 
November, it appeared that the whole line of coast had been 
raised above its level ; an old wrect of a ship, which could 
not previously be approached, was now accessible from the 
land ; and beds of oysters, not before known in that locality, 
were brought to light. " "WTien I went to examine the 
const," says Lady Calcott, "nJthough it was high-water, I 
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found the ancient bed of the eea laid bore and dry, with beds 
of oysters, mnaaela, and other Bhella adhering to the rocts 
on which they grew, the fish being all dead, and exhaling 
moat offenatve effluvia. I found good reason to believe thai 
the coaat had been raised by earthquakefi at former perioils 
in a similar maimer ; several ancieat lines of bea«h, conaiet- 
ing of ehingle mixed with sheila, extending in a parallel di- 
rection to the shore, to the height of fifty feet above lie 
sea." • Part of the coast thus elevated consists of granite; 
subsequent obaervationa have proved that the whole of the 
country was raised, from the foot of the Andes to far out 
at sea ; the supposed area over which the elevatory mce- 
ments extended being about 100,000 square miles ; a space 
equal in extent to half the kingdom of France. Mrs. Sumer- 
ville mentions, that a further elevation to a considerable ei- 
tent had also taken place aEong the Chihan coast, in conee- 
queace of the violent earthquake of 1835. t 

C8. SiisED BEi-DEACH AT BniouTOif.I — Eiamplea of 
such changes occur in almost every part of the world, and 
there is perhaps no considerable extent of country which 
does not alTord some proof that similar physical mutations 
have taken place in modern times. And, although we have 
not a temple of Serapis on our shores, yet the cliffs from 
Brighton to Bottingdean afford unquestionable evidence that 
the relative level of laud and sea has undergone great changes 
within, to speak geologically, a comparatively recent period. 
Ihe cliffs along the coast, from New Shorebam to Botting- 

B * Geological Tranaaclion!!, second series, vol. i. p. i\b. 

■f The late earthquake in New Zealand, on Janoar; 23, 1855, bos i 
suited in the uprise of an extensive area of land, aliout WeliinRlon, In 
general height of about live feet. See Sii C. Lyell's Lectuio, Royal 1 
stilulioa Notices. March 7. 1856, p. 212, 

X The geological chiracler uf the diSs at Brighlun. and tbe occa 
rence of bones of HlephaAts ajid other inammalia in those beds, were £r 
desciibed in my " Fouila tif the South Downa," 1822. 
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, are composed of lajeta of ehftlk-rubblo, with angular 
miroUed flinta and interapersioua of clay and loam; the 
"hole being an accumulation of but slightly water-worn 
oiieriale, deposited at some very remote period in an estuary 
or buy." The base of the clJffs, to the height of a few feet, 
MMistB of the challi -strata, which may be seen at low water 
eitending far out to sea, partially covered here and there by 
ihingle and sand. Between the chalk and the superincum- 
bent masB above described, is a bed of rolled chalk-ftinte, 
pebbles, and sand, with bouldera of granite, porphyry, and 
otter rocks, foreign to the south-east of England ; in fact, a 
M^beach formed in the same manner as the present bed of 
sbingle which skirts the base of the cliffs. Among the peb- 
bles of this ancieat beach, are rolled masses of chalk and 
liiMstone, full of perforations made by boring-shells. 

These originally partially stratified accumulations, deposit- 
™beneath the waves, now constitute a line of cliffs, extending 
winiieH along the sea-coast. The anneied diagram (Ziyn. 15) 




^ a vertical section, as seen in those places where 

•*« inroads of the sea have extended to the chalk-strata, and 

• Pot differenl opinions on the origin and age of ihia chBlk-ruhble or 
^^>nil»»-TO<*. tee Geol. Journ. vol. rii, p. 126 and :i6&.aai'na\. i^. ■^.'A 
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waters appearing to unk at Tomeo, and to retain tbei^ 
former level at Copenhagen. 

The opioion that Sweden U in this state of change is oO 
new iilea; it was long since entertained by Celsius and 
other Swedish philosophera.* Sir C. Lyell, wbo has twi« 
viBited Si.'andinavia with the view of determiniiig this inte> 
eNting question, eipresaee hiniEelf fully convinced that o 
tain partu of Sweden are undergoing a gradiml rise, to the 
amount of two or three feet in a century ; while other tracts, 
farther to the south, appear to have experienced i 
ment.t He visited the shores of the Bothnian Gal^ be- 
tween Stockholm and Oefle, and the western coasts of 
Sweden, districts particularly alluded to by Cebias. TTpon 
examining the marks cut by the pilots, under the direction 
of the Swedish Academy of Sciences, in 1820, the level of 
the Baltic, in calm weather, was found to he several inches 
lower than the markB, and from two to three feet below 
thoM mmle seventy or a hundred years ago. Similar r 
Nulbt were obtained on the side of the ocean, and in both 
districtfl the testimony of the inhabitants agreed with 
that of their ancestors, as recorded by Celsius. On the 
shores of the Northern Sea, there are banks of recent shells, 
at various heights, irom 10 to 200 feet ; and on the side of 
the Bothnian G-ulf, between Stockholm and G}efle, there ai 
deposits containing fossil shells of the species which no 

■ CcIbIus ramurkii, " that aeveral rocka on the shoies of tbe Baltio,, 
which uro now above thoWBlor (i. D. 1730), were, not long faefora, 
rucks. *nit dangoroiiB 10 navigauiiB; oqo eapcciaUj', which, in tlie jeur 
1880, win on & lovol with the surfaiai of the water, is twenty and a bnit 
Sy/eAinh metre* above it. From an inscription, near Aspb, in llie Lake 
Melnr, wliich cotnmunicnte* with [he Baltic, engraved, ns is eappoged, 
■buve Ml) yean ago, the land appears to hare risen no iesn than thirtei 
Swedish {etiV—Playfait's lUwilralWM of the Uultonian Thtory, p. 

tie, edit. 1822. 

t Philoiw"''!"! TrauBBClions, 1B35. Principles of Geolugj, Kinlh 
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inhabit the bracfciah waters of that sea. These occur at dif- 
ferent elevatioiiS, from orw to a hundred fett, and Bomutimea 
eilend fifty miles inland. Some of the Bhella are marine, 
and others fluviatile ; the marine epeeies are identical with 
thoee now living in the ocDan, but ore small in %ize, and 
never present the average dimensions of those which live in 
wntei sufficiently salt to enable them to reach their full de- 
velopment. The specimens before ua were collected by Sir 
C. Lyell ftt UddevaUa, in Sweden, from the summit of cliffs 
twenty feet above the level of the sea; they consist of ma- 
rine species which still inliabit the neighbouring waters. 

60. Mutations in the aBLAirrE lkybl of land aitd 
skjl — Of the reality of tbese changes in the relative level of 
tbe !and and of the Northern Ocean there cannot exist a 
MObt; but the mind ia so accustomed to associate the idea 
"f Btabdity with the land, and of mutability with the sea, 
ttW it may be necessary to offer a few additional remarks 
onthwe highly interesting facts. As it ia the property of 
•M fluids to find their own level, it ia obvious that, if the 
l"el of the sea be elevated or depressed in any one part, 
Mat elevation or depression must influence the whole surface 
"f the oceaD, and the level therefore cannot be affected by 
'w»l causes. But roovementa of the land may take plac 



*ad the effect extend 
Auiorica, — or along lines 
fined to a single island,- 
*^ PuKZUo ' 

But while the land is r 
't appears to be sinking i 
BpeiiUk mentionst that 
to be 



whole countries, 
>a3t, aa in Suasex,- 
en to the area of > 

nthem 



1 South 
■or he con- 



northern latitudes, 

the shores of the Mediterrauean, 

imeroua remains of buildings are 

the Gulf of BaifB ; ten columns of granite, at 



"le foot of Monte Nuovo, are nearly covered by the aeo, a 
*W the ruins of a palace built by Tiberius in the island of 
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Capri. Thus while the level of the aea is becoming lower in 
the north, from the elevation of the land, it is rising in the 
Mediterranean, from the einking of its coasts. Now, as aii 
the parte of the ocean communicate, the water cannot pei^ 
maaentlj riae in one part and sink in another, hut must rise 
and fall equaUy to maintain its level ; we must therefore 
consider it as demonstrated, that these changes are solely 
dependent on the elevation and depreasion of the land. If 
we bear in mind the insignificance of the masaes affected by 
these operations, as contrasted with the earth itself (see paga 
35), we may readily conceive that, as fiaaures and inequalities 
are produced in the varnish of an artificial globe by heat and 
cold, in like manner the elevation of mountain-chains, and 
the Bubaidence of whole continents, may be occasioned hy 
the expansion or contraction of portions of the earth's crus^ 
from sudden changes in the internal temperature of the 
globe (see above, p. 109). 

61. EETEoapECT. — In this rapid aketch of the geological 
phenomena, which an examination of the surface of the 
earth presents to our notice, I have doubtless dwelt on seve- 
ral subjects famUiar to many of my readers. But, aa ona 
of our ablest geologists* has remarked, " the teacher of geo- 
logy must suppose himself called on to answer qnestiona 
both concerning the facts of the science and the inferencea 
to be deduced therefrom : and his instructions will be so 
much the more successful as he takes these questions in the 
most natural order of their occurrence, and answers them 
moat completely and satisfactorily. In doing this he is not 
at liberty to neglect even elementary truths, for, if these 
were passed over in compliment to auch aa have made pro- 
gress in the science, those forwhose advantage he is especial- 
ly intereated would be called to the unreaaonabie taak oi 
labouring without instrumenta, and of theorizing >vithoirt 
intelligible data." 

• Piofeasot John PJiillips. 
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[t field of inquiry over whicTi our observations 
hwe extended, it nia,y be uael'ul to offer a brief summary of 
tlie leading principles that have been ennnciated, and the 
f«tB on which they are founded. By the most profound in- 
wstigations of which the human mind jb capable, wo leam 
tt»t our earth is one of myriads of spherical bodies, revolv- 
ing round certain luminaries ; and that these bodies occur in 
nery variety of condition, from that of a diffuse luminous 
rapour, to opaque soKd globes, like our own. All the mate- 
lisls of which the earth is compoaed may eiist either in a 
wild, fluid, or gaseous state ; and simply by a change of 
temperature, or by electro-chemical agency, every substance 
inij undergo a, tranaition from one state to the other. Wa- 
ter, ensting as ice, fluid, or vapour, and separable into two 
mrisble gaaes, offers a familiar example of a body constantly 
eihibiting these transmutations ; and mercury, of a metal 
which, though generally in a fluid state, becomes, when ei- 
pOBed to a very low temperal^ure, a sohd raasa like silver, 
lie relative position of land and water, and the inequalities 
"nthe surface of the earth, are subject to constant changes, 
•bich are regulated by certain fixed laws. The principal 
WiMB of the degradation of the land are atmospheric agen- 
'^ rariations of temperature, the action of running water, 
Mid of glaciers, icebergs, Ac, by which the disintegrated ma- 
terials of the land are transported into the bed of the ocean, 
"e mud, sand, and other detritus thus produced are conso- 
Mated by certain chemical changes which are in constant 
Wtirity, both on the land and in the depths of the ocean, and 
06* rocks are thus in the progress of formation. But the 
Wnjoint effect of these operations is unremitting destruction 
« the Butface of the land ; and, were there no conaervative 
PWcejB, the whole of the dry land would disappear, and the 
'■rtt be covered by one vast sheet of water. The globe, 
atwerer, poBsesaes an internal source of heat, and, whether 
tiUs eiiala aa a central nucleus of high temperature, ov as. 
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medial foci,— whether it be dependent on the assumed ori- 
ginal nebuloufl atute of the earth, or produced by chemical 
or electro- magnetic fortea acting on the mineral subatancei 
contained in the interior of our planet,— doee not affect thft 
present inquiry. This intenml heat, however induced, hum* 
occasion conBtont changes in tlie relative level of thi 
aud water; elevating and depresBing whole contineats,- 
verting the bed of the sea into dry land, — and Bubmergii^ 
the dry land into the abyas of the ocean. The volcano and 
the earthquake are the effects of its local and paroxysnal 
energies, — the quiet and insensible elevation and subaidenw 
of the land, of its slow but certain operation. By thia 
tagonist power the accumulation of the spoils of the landr 
which the rivers, waves, and currents have carried into tba» 
bed of the ocean, are again brought to the surface, and farnr- 
the elements of new islands and continents ; and by the or*- 
ganic remains discovered in the strata we trace the nature o^ 
the countries whence these spoils were derived. In the deltW 
and estuaries of modern times, — in the detritus accumulat- 
ing in the beds of the ocean, — in the recent tracts of lime- 
stone forming on the sea-sh ores, ^beneath the cooled lava- 
currents erupted from esiating volcanos, — the rema 
man and of bis works, and of the animals and plants whidi 
are Jiis contemporaries, are found imbedded. 

The dynamical effects of elevation appear to be referabls: 
to three great divisions :^L. The gradual rising of 
through large spaces of the earth's crust, and the consequent 
production of longitudinal fissures and lines of volcanic vent; 
2, The iong-coutinued protrusion and eruption of igneoui' 
rocks along such lines of vent ; and, 3. Local eruptions and' 
protrusions, producing valleys of elevation, dislocations of' 
the strata, and other phenomena that terminate in ordinarjr; 
volcanic action. 

e the deductions derived irom the phenomena whicbi' 
t been submitted to our examination. To the mind pre*' 
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viooalj unacqiuunted with the elements of geology, I am 
ready to acknowledge that to attribute mutabili^ to the 
rocks and the mountains must appear as startling and incre- 
dible as did the astronomical doctrines of Galileo to the 
people of his times ; but the intelligent reader, who has at- 
toitiyely considered the facts presented, even in this brief 
vmej, cannot, I conceive, refuse assent to the inferences 
thus cautiously obtained. As we proceed in our investiga- 
laons, we shall find that, from the earliest period of the pre- 
lot physical condition of our planet, its surface has under- 
g(ae repeated modifications in the relative distribution of 
the water and the land ; and, as the rocks and mountains and 
plakuB have been subjected to perpetual mutation, the ele- 
m^t which has hitherto been considered as the type of mu- 
tability can alone be regarded as having suffered no change. 
Thia idea is finely embodied by Lord Byron in the following 
sublime apostrophe to the ocean, with which I will conclude 
tbig discourse : 

" Thy shores are empires, changed in all save thee, — 
Assyria, Greece, Rome, Carthage, what are they ? 
Thy waters wasted them while they were free, 
And many a tyrant since ; their shores obey 
The stranger, slave» or savage ; their decay 
Has dried up realms to deserts : — not so thou. 
Unchangeable, save to thy wild waves' play — 
Time wrUea no lorinkle on thine azure brow — 

Such as Creation* 8 daum beheld^ thou rolleat now ! " 

CuiLDE Harold, Canlv iv. 
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1. IsTEODTTCTOEi. — In the previous Lecture we took a coin-> 
prehensive view of the actual physical condition, of the Bufc 
lace of our planet, and of the nature and effects of 
principal agents bj- which the land is disintegrated and re- 
newed. We found in the modern iluviatile and marine de- 
posits, that the remains of man, of works of art, and of 
existing species of animals and vegetables were preserved. 
In every step of our progress, the grand law of nature, 
alternate decay and renovation, was exemplified in strikiiig , 
characters. Wliether in tlie regions of eternal snow, or is , 
torrid cliraes, — in the rocks and mountains, or in the verdant 
plains, — by the agency of heat, or by the effect of cold, — of 
drought, or of moisture,- — of steam, or of vapour, — by the 
abrasion of torrents and rivers,— by inundations of the ocean, 
or by volcanic eruptions, — still the work of destruction, in 
every varying character, was apparent. And on the other 
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hud we perceived that, amidst all these proceeaea of decay 

ud desolation, perpetual renoyation was going on; that 

Nature waa repairing her ruins, and accumulating fresh 

naterialB for new islands and continents, and that inuunier- 

ible living instrumenta were employed to conflolidate and 

build up the rocky fahric of the earth ; and that even the 

moit terrific of physical phenomena, the earthijueke and the 

'oleino, were but aalutary proviaiona of the Supreme Cause, 

by which the harmony and integrity of our planet were 

uuntained and perpetuated. 

The occurrence of human akeletona in modern limestone, 

I i£ coins and works of art in recent breccia, and the pre* 

I mrotion of the hones of existing apeclea of animals, and of 

tbeleavea and branchea of vegetables, in the various deposits 

thM are in progreas of fonnation, incontestahly prove that 

enduring memorials of the present state of animated nature 

"ill be taansmitted to future ages. "When the beds of the 

nii^g aeas ahoU bo elevated above the waters, and covered 

I Wth wooJa and forests, — when the deltas of our rivers shall 

bewnverted into fertile tracts, and become the sites of towns 

ud cities, — we cannot doubt that, in the materials extracted 

Ibr Qieir edifices, the then existing races of mankind will 

iSicoYer indeiible records of the physical history of onr 

I tone*, long after all traces of those stupendous works, upon 

which we vainly attempt to confer immortality, shall have 

ditappeared. 

Bat we must now proceed, and pass from the ephemeral 

I productions of man to the enduring monuments of nature, — 

! tram the coins of brass and silver, to the imperishable medals 

ra which the paat events of the globe are inscribed, — from 

the mouldering ruins of temples and palaces, to the eiam- 

iMtioa of the mighty relics which the ancient revolutions of 

"k earth have entombed. 

2, Ektihotion or animal a, —Before we enter upon the 
geological history of the period immediately antecedent to 
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the present, it will be necessaty to notice one of the moit 
remarkable facts which modem inTestigations bare demon- 
strated, namelv, the annihilation of numeroiu apeciea and 
genera of animals and plants. 

From the continual transmutations in the distributuin of 
land and water, to which the earth's sur&ce has been sub* 
jeoted, as indicated by our previous remarks, the destruc^ 
tion of some forms of animal life would seem to be a proba- 
ble, if not inevitable, result ; and such prores to baye been 
the cttse. But not only has the extinction of certain races 

m 

taken place ; a rigid examination of the fossil remains en- 
tombed in the ^-arious strata demonstrates that other spedes, 
suited to peculiar states of the earth, have successiyelj ta^ 
peared and plaved their part in the drama of life ; and, whoi 
the physical conditions of the lands and waters were altered, 
so as to be no longer adapted for the continuance of thoae 
types of animated nature, thev in turn passed away and 
were succeeded by new forms of organization. 

The annihilation of whole tribes of animals and plants 
has no doubt depended on a variety of causes ; and it is 
probable that in the earlier ages an important agent in the 
extinction of many species, both terrestrial and aquatic, 
was the frequent oscillation in the relative position of the 
land and sea, and the consequent variations in atmospheric 
condition. 

3. Law of EXTrs'CTioy. — But there is another consi- 
deration that bears upon this problem, and to which I must 
here briefly allude. It has been found that in countries 
where certain formations follow each other in tranquil and 
uninterrupted succession, the same restriction of particular 
fossils to special groups of strata, and the same disappear- 
ance of some species, and the first advent of others, as rigid- 
ly prevail as in England, where the strata have been sub- 
jected to violent and repeated physical revolutions. 
This LB remarkably the case m'BL\]La^\2L,^VeTO>2v\fc%^iasvaii, 
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xoian, Carboniferous, and Permian sjstema of rocka ei- 
over immense regions, and are composed of horizontal 
laita of different ages, nearly all conformable in position, 
yet clearly separable from each other by mineral cha- 
srB and organic remains. Here then is unequivoeal 
f, that some rai^a of animals have disappeared and 
, succeeded by others over enormously extended areaa 
bich there has never been any great physical catastrophe, 
the smallest eruption of plntonic or volcanic matter.* 
lese facta naturally suggest the inquiry, whether the 
inuance of species may not be governed by some natural 
in like manner as is the duration of the life of the in- 
luals or auy given species. May not some species, for 
iple, be so constituted as to continue but for a few hun- 
s or thousands of years, and others for ages ; while other 
□iams may be endowed with a perpetuity of reproduc- 
through all time ? In this view of the subject, species 
have become extinct, simply because the predestined 
for the perwstenee of that peculiar form of organism 
expired ; and this may have taken plaee without any 
ssary relation to surrounding jhysical conditions. In 
may not the termination of the race, like the death of 
ndividnals, be the natural and inevitable result of their 
nization ? 
Animais extihpated by HUMAif AGBNOT. — But leav- 
br the present the further consideration of this di£Bcu!t 
lem, we pass to the examination of the effects of human 
cy on the extinction of animals ; and we shall find con- 
ve evidence, that, since Man lecame the lord of the 
don, his necessities and caprice have occasioned the ex- 

' Geolo^ of Russia," by Murcbison, Se Vetneuil, and Ke^serling. 
I bigbly interesling TCBulta of Ihc labours of ttaese emmeut geolo- 
hare inlroduced H new and impoManl element in all Bpecubitiona 
ig lo Ibo cause of Ihe eilinclion of Bpc>cii:a ill Ihe aivdeal 5«T\ii4'i. 
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• '^i THE WOKDEBS OF GEOLOGT- Lki. O- 

lii'ikiiii.ii. ,.. many gpccie:« of ^yiimala of niudi relics ooenr 
> i>-. vun,Tht-in. nlluviai deposits, associated with thoseof 
.•.uit.>i)iM.ir:ir\ 81'M'>(*ll*^. hut coDceiiiiii^ which both hutoiy 

H.I. (i-),i,i iitii An* HiliMil. 

I ii.'.- .•.uiiiin U\v honver. wolf, hyena, bear, Ac. ue 
Hi)imH.l> which, though ezterminated in theie 
i-viNi lui the rtmtinent : while the mammoth and 
iIpp: . o: which numerous remains are found 
Ml., iirit';. have long since been oblitentod 
.. :h. ivirii.. That the gradual eztmctian of 
. vTNdii;. sptvios of animalB will be effected bf 
Ml. nit «*Auiioi admit of question. In thofle 
v..ii<.ih tuv. :i Tomarkable proof of the im- 
u :.m1. i> ivirried on is stated in the Ame- 
..... N.':*-n»\ * 1 nimodiately after South Georgii 
• X »■'. ^:.-»;: k .1.1k. in 1771. the Americans com- 

X • ■-VK-.v.> tro:v. thonoe to China, where 

■v . \ ■ :aiv. iinoi>s. One million t ICO hun- 

.y\ :\*: :. T-'ik on from that island alone, 

•- . ■..\ir \ WW eoual number from the 

v> .. v.:r.i!vr> of the fup-seals killed 

N . . .x.^ > i:i: r>;VV in 1S21 and 1S22, 

....-.'. :;::4. rvt^iTr thousand. This 

• '. >< .\::r.,^: ii. aV: these islards." 

- . . X ..••:.■.:> i: a wears certain that 

X -^ ..-. .^//::n;. simv the advanced 

• - .-.• ..^ X. .■•.*. s- *v> T'!-.r,: :i.-^ nrw eoimtries 

■». . \ • . \'. .. N .*.- ■ ■• v.v,^r:,ri the animals are 

■ " ' .- •^•.l -.-. . v^" :^-" V,;: ^^fT.^rrs. and the in- 

" -.» . .*• .-.":■.■ ■<•.. :■ ~!*i : ".ir.Tors, and br the 

■'■ - .. .:■. .xi .. .i. . :".^sc- "r'.T:^rs iir.d rivers 

n^ fujr^JiK^r ^ 12-:* Arc'-in:'f:ii. :t will r-e in- 
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teresting to notice a few of the liaka wiiich couaect the 

pnseat " chain of being " with the paat ; — in other words, 

I diuu apeciea which are on tlie point of extinction, auti 

k^Jns wliich have disappeared within a comparatiTely i 

^^■The Aptebti {winglem iir^ AND Notobsis {, 
^hl'Wrrf) OF New Zealand. — The Aptcryi, a bird peeuliai 
to New Zealand, and belonging to a very limited gronp, o 
wliich the Ostrich is a well-known type, appears to be rapidl; 
ippioaching extinction. The best known species is of the size 
(rfa»maUtnrkey,ofacheatnut brown colour, the feathers be- 
ing long, lanceolate, and hair-like as in the Emu, but each 
Illume has but a single Bhait. It haa a slightly- curved bill, with 




w DMat apertures at the base, aa in birds with a similar con- 
fonuatign of beak, which is adapted for respiration while 
iwioersed in mud or water. It has no visible wings ; and in 
Uio »keletoa the bones of the anterior extremities are but 
very little developed. Its habits are nocturnal, and it feeds 
on Worms and insects. It is very difficult to be obtained, 
wd in hunted by torch-light by the natives for the sake of 
'l" Bkin, which is highly prized to ornament the dresses of 
fteir chiefs. It has become very rare, and mvi^t wjo^a. \i« 
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exterminated, for its numbers are fast diminiBhing." The 
Notornisl ia a Bhort-wirgod rail, flret known by foaail hoio, 
found in the sands and volcanic debris at Waingongoro, 
North Islnnd, by JVIr. Walter Mantell, and determined 1^ 
Professor Owen. A lining specimen was siibsequently can^ 
and eaten by some sealers on the Middle Island, but thef 
skin was fortunately obtained by Mr. Mantell. The natiw* 
had a tradition of the eiistence of this water-rail (caltai 
Takah4), but believed it to be extinct. The specimen abow 
ailuded to is figured ia the Frontispiece of the " Petriis- 
tions." There are now two specimenB known; both are* 
the British Museum. * 

6. The Moa op New ZEiLAuro {Dinornit of Profwwl 
Owen). — About eighteen years since a portion of a femitf 
(thigh-bone) of large Hiaa wna brought from New Zealandf 
and submitted to the examination of Professor Owen, ifh* 
pronounced it to belong to a gigantic bird of tbe same familf 
as the Apterys. SubBequent discoveries have proved tb* 
coirectnesa of this inference ; and the numerous bones sinw 
receired establish the former esiatenee in the islands of NW^ 
Zealand, at no very recent period, of several species of * 
tridactyle bird, resembling the Apteryi in its general con- 
formation, but in some cases one-thtrd larger than the Afii*' 
can Ostrich. These bones have been found in the swampt 
and other alluvial deposits of the Middle Island, and ia B*n4" 
hills and in caves in the North Island. ' 

It is remarkable that these bones were referred bytta 
natives to a gigantic bird, which they deemed sacred, M» 
called Moa., before these relics had been examined by bdJ* 
European, and when the living New Zealandere could n» 
have known of the existence of a bird larger than their o*» | 

* See Tiejia. Zoal. Soc. of London, vol. ii,; tuid Polrifacliom 
theii TeBchinge, or PoBBila of the Britiah Museum, p. 106. 
-t Zoological Transact, vol. iii. and Petrifectioni, p. 12J. 
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I ApteiTx. The native traditions assert the former abundance 
I (i these birds, and the existence of the race at the preseat 
time within hallowed and not to be violated precincts is still 
believed, Kot only from the state of the hones, which 
have been found bearing the mark of edged tools, and mixed 
Vfitt hnman bones in the ash-heaps of ancient feasts, but 
litofrom the allusions in the native songs and tales to the 
gigutic bird and its flowing plumes, it is probable that the 
Moa (if extinct) was exterminated, like the Irish gigantic 
Dew and the Dodo, by the agency of man. 

The bones hitherto sent to this country belong to numer- 
ou! iodividuala, and are referable to seven or more species, 
niiterially differing from each other in size.* 

Thus we have certain evidence that the Islands of New 
Zealand (which are situated between .the 30th and 50th de- 
pees of south latitude, and are about 900 miles in length) 
*ere inhabited, at no very remote period, by uumerouB spe- 
tiea of wingless birds, some of much greater magnitude than 
saj now known to eiist ; that these are extinct, and but 
two diminutive types of this wingless race, the Apteryx and 
ffotomis, remain ; the former, in all probability, is destined 
to he speedily exterminated; and of the latter two speci- 
Dffiiia only are known to eiist. 

7. TuK Dono (Bidits intpfui). — A remarkable instance 
<|[ the eKtirpation of a very peculiar type of orgauiKation is 
yforded by the Dodo, which has been annihilated, and be- 
(«aie a deai/en of the fossil kingdom, almost before our eyes. 
Tie Dodo was a terrestrial bird, probably of the pigeon-family, 
Wger than a turkey, of a dun colour on the back, and 
narked on the breast like a cock pheasant ; it abounded in 

' Far a full account of (he Moo, see Professor Oveu's Memoirs in the 
^lopcal TranBaclionsi alao Petriractions and their Teachings, p. 93; 
•"d Pictorial Atlas, p, \Tl, and Frontispiece. A perfect skeleton of 
'"wrnu lUphaatopii* bas lately been set up in the PaleoutologicsJ Gal- 
IcrvflfiheBiiiiBb Museum. 
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thi; 3iTfiuritiuB and adjacent islands. Wben those countn'cs 
were firat colonized bv the Dutoh little more than two ecu- 
turiea ago, th 1r-iu formed the principal food of the in- 

^^^ habitants ; but, as it imi'ortunately proved to be incapable 
of doineatication, ita numberB were booh diminished, and tb< 
Bpecies inseusibly diaiippear«d. A live Dodo was eibibitei 
in London in 163S as a great curiosity ; and stuffed Bp^ 
ciinenB were preserved iu the various museums of Europe: 
paiutingB of the living aninuil are stm extant in the Ashmo 
lean Museum at Oxford, and in the British Muaeiun (8« 
Xign. 17). But the Dodo is now extinct ; it is no longer to 
he found iu the islea where it once flourished, and even all 
the stuffed specimens are destroyed. Nearly the only known 
reUcs that remain, are the head and foot of an individual in 
the Ashniolean, the leg of another in the British Museum, ( 
a skull in the museum at Copenhagen, and an upper niaa- 
dihle at Prafrue. To render this illustration complete, some 
bonea of the Dodo have been found in a tufaceous deposit, 
beneath a bed of lava, in the Isle of Erance, and in a cave in 
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tfae Iflle of Bodriguea ; ho that, if the Qgares and reioBms of 
the recent birds above mentioned had not been preserved, 
these foaails would have constituted the only proof that such 
creatures had ever existed.* 

"We pasa on to the cooBideration of the eitinct mammalio. 

8. The Ikish HroAKTio DberI (Cerviu megaeerot, or 
Deer with great autleraj). The ehell-marls of Ireland con- 
tain the bones of an animal whiuh, like the Dodo, was once 
contemporary with the humnu species, but is now eitinct ; 
the last individuals of tin; race having, in all probability, 
been destroyed by man. These remains commonly occur in 
the beds of marl beneath tlie peat-bogs, which are apparently, 
like those of Scotland, the sites of ajicient lakes and bays. 
In Curragh, immense quantitiea of these bones lie within a 
small space : the skeletons appear to be entire, and are found 
■with the skull elevated, and the antlers thrown back on the 
shoulders, as if a small herd of these great Deer had sought 
for refuge in the marehes, and had sunk into the morasa and 
been suffocated. £emainB of this Deer occur also in marl 
and gravelj in the Isle of Man and in many porta of Eng- 
land, France, Germany, and Italy, associated with recent 
species of river-shells. 

This extinct creature far exceeded in magnitude any Lving 
species of deer. The skeleton is upwards of ten teet high 
from the ground to the highest point of the antlers, which 
are palmated, and are from ten to fourteen teet from one es- 
tremity to the other. |] Skulls have been found without boms, 
and are supposed to have belonged to females. The average 

• See on interealing ardcle on thu Doco in the Penny Cyclopedia; 
and Striukloml and Melville's admirdble Monogrnph, IBJU. 
t Formerly and incomiutly termed Elk, 

I Owen's British Fossil Mammalia, p. 44-1; Piulorial Atlaii, pi. 71 ; 
tig. -2. 

II ThereiBafinBakelelonoftliegiEajilicDeer in the Bniish Muaeum. 
atid aaothei in the Himterian Museum. 
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weight of the skull and antlers is about Hereniy-five pounds. 
The bones are generally in a Bne state of preservation, of n 
dark-brown colour, with here and there a, bluiah incrustation 
of phosphate of iron, like those of the deer from Leiwee 
LereU. In some instances they are in such a state of pre- 
seiration that the medullary cavities contain marrow having 
the appearance of fresh Huet, and which bums on the appli- 
cation of a lighted taper. This Deep shed its horns, and 
probably, like existing species, annually. The reaearcheB imd 
obaervationa of Professor Jameson, Mr. "Weaver, and othera 
have rendered it highly probable that this majestic creahOT 
was coeval with man. A skull was discovered in Gtennany, 
associated with urns and stone hatchets; and in the couotr 
of Cork, a human body was eihumed from a wet and macaliy 
soil, beneath a bed of peat eleven feet thick ; the body wo* 
in good preservation, and enveloped in a deer-skin covered 
with hair, which appeared to be that of the gigantic Defr- 
A rib of this animal baa been found in which there is a pe^ 
foration evidently occasioned by a pointed instrument whilf 
the creature was alive ; for there is an effusion of callus cr 
new bony matter, which could only have resulted from botub- 
thing remaining in the wound for a considerable period: 
such an effect, indeed, as would be produced by the head of 
an arrow or spear ; though possibly the wound might havK 
been inflicted by the antler of another stag. There ia, there- 
fore, presumptive evidence that the last individuals of tbe 
race were estirpated by tbe hunter-tribes who first took pos- 
session of these islands.* 

Beds of gravel and sand, containing recent species of ma- 
rine shells with bones of the Irish Deer, have been observed 
by Dr. Scouler in the vicinity of Dublin at an elevation of 

■ See a moat interesting paper in the proceedings of the Yorkshire 
Geological and Polytechnic Society, for 1855, by Mr. H. Denny, "on 
llio ciaims of the gigantic Irish Deer to be considered as contemporar)' 
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two hundred &et above the level of the sea. This extinct 
qoadraped, though found in peat-bogs and morasses of com- 
pintiyelj veiy recent date, must therefore have been an in- 
habitant of Ireland antecedentlj to some of the last changes 
in the relative position of the land and water. The dis- 
ooYeiy of a vast number of skeletons in the small area of 
tke Isle of Man seems to indicate a great alteration in the 
extent of land and sea ; for it is difficult to conceive that such 
herds of this gigantic race could exist in so limited a district. 
It is therefore probable that the island was separated from 
tiie mainland at no remote geological period, by subsidences 
commensurate with the elevations of which Ireland affords 
Boch decisive evidence.* 

The Ox-tribe also affords interesting examples of the di- 
minution or total passing away of species from the European 
area within comparatively modem times. Of the four spe- 
dea known as occurring fossil in the post-tertiary deposits 
of Britain, namely, 1. the Bison priscus (or old bison), 2. 




Lion- 18. SKULL AND H0EN-C0BX8 OF BISON PKIS0XT8. Front Tiew. 

^ot primif/enius (ancient ox), 3. Bos hngifrons (long-fronted 
oi), and 4. Buhalus moschatus (musk-buffalo), f the first is 

* See also Gumming, Geol. Joum. vol. x. p. 215. 

t In the Quart. Geol. Joum. vol. xii. p. 124, Prof. Owen has described a 
dcull of this animal, found in the gravel of the Thames valley at Maiden- 
bead. Two other skulls have been lately discovered in the gravel of the 
Avon valley, south of Bath ; and a fourth fossil skull is preserved in the 
Miueum at Berlin. 
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now represented hj tiie herd <tf Aurochs preaerred in the 
royal forests of Lithuania ; the second, thoo^ apparantl/ 




well known to the Bomans, is now qnite extinct ; the tbird 
survivee probably in the race of short-homed cattle of Vffia 




and the Highlands ; whilst the last is now restricted to the 
frozen arctic regions of the north." 

In the examples aboye described, we have an intoreating 
trimsition from the hving to the lost types of animal exist- 
ence. 1st, Species no longer inhabitants of the Brituh 
islands, but still living in other countries ; 2ndly, Animals 
which have been exterminated within the last few centuries; 

' Prof. Owea'» Brit. Fosb. M&mmB,\B, -(. MQ, and Lecture on Romi- 
— -t £c. totbe Royal InsdlulioE, Ma^ "iu^.X^^- 
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(Wy, Species that have been utterly destroyed by tlie early 
races of mankind. • 
9, Epoch of tbhbebtkial uamhalia. — We must now 
»dvanee another step in the history of the past, and proceed 
to the conBideration of the f;eological phenomena presented 
ij the period immediately antecedent to the preaent, when 
T»8t regions were inhabited by large herbivorous mammalia, 
with which species of eiisting races were aasociated. Thus 
irhile the present may be termed the Modern or Hitman 
Epoch, that which forms the immediate subject of investiga- 
taon may be designated the Epoch of terretirial mammalia. 

" When the traveller," says Cuvier, " passes over those 

fwtile plains, where the peaceful waters preserve, by their 

'egular course, an abundant vegetation, and the soil of which 

** crowded by an eiteosive population, and enriched by flour- 

'ahing cities, which are never disturbed but by the ravages 

of war or the oppression of deBpotisra, he is not inclined to 

"elieve that nature bas also had her intestine wars, and that 

'He surface of the globe has been overthrown by various re- 

VoludonB and catastrophes. But his opinions change as he 

t*«netrate8 into that soil at present so peaceful ■, or as he as- 

'^nds the hills which bound the plains. Hia ideas expand, 

^e it were, with the prospect ; and as soon as he ascends the 

***ore elevated chains, or follows the beds of those torrents 

"^s^hich descend from their summits, he begins to comprehend 

'*-lie extent and grandeur of the physical events of ages long 

t^aat. Or if he' examines the quarrieB on the sides of tha 

■iills, or the cliffs which form the boundaries of the ocean, 

t»e there sees, in the displacement and contortion of the 

Strata, and in the layers of water-worn materials, teeming 

* Man himaelf Buppliee Birikiiig instances of the disappearance of dit- 
Vinct races and ru-icliel from the face of the earth, chielly through the 
^enc; of hia fellowi. The natives of Van Diemen'a Land are omongtt 
<3 w btesl eiamplea of this decadence of a type, for they are eithel quits 
are repieaented by a solitary individual. 
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^H witli the remama of aaunala am! planta, proofs that thai 

^H trauquil plaiaB, those smooth unbroken downs, have oQ 

^V been at the bottom of the deep, and hare been lifted I 

from the bosom of the waters ; aud everywhere he will & 

evidence that the sea and the laud have continually chmg 

their place."* 

In almost every part of the world, beneath the modt 
alluvial soil, extensive beds of gravel, clay, and loom I 
found spread over the plains, or on the flanks of the mot 
tain-chains, or on the crests of ranges of low elevation j ■ 
in these accumulations of marine and fiuviatile debris,! 
imbedded iminense quantities of the bones of large mi 
raalia. These belong principally to animals related to 1 
elephant, as tlie mammoth, mastodon, &e., and to speciet 
hippopotamus, rhinoceros, horse, ox, deer, &c. ; aud some'! 
referable to extinct genera ; while in caverns and fisBurel 
rocits, more or less tilled with loam and breccia, bon« 
tigers, boars, hyenas, and other camivora occur. Posailt 
this kind exist in great abundance in various parts of £un 
Asia, and America ; they are found alike in the tropical 
gioua of India, and in the frozen plains of Siberia; ) 
there are but few considerable districts in Great BritoEC 
which some vestiges of this kind do not occur. 

10. Fossil mammalian eemainb.— For the convenia 
of study. Dr. Buckland classes these remains under 
heads, namely ■ — 

Firtt. Bones of land-aoimala, that were drifted into e* 
ories, and sometimes associated with marine shells ; aucb 
those found in the Sub-Apeuuine formatious ; asdin theb 
of grovel, sand, &c. provincially termed Cra^, in Norfolk i 
Suffolk ; in loam and chalk-eonglomerate in the cliffs of K 
aud Susses ; and in clay ofi' Harwich and Heme Bay. 
Secondly. Terrestrial quadrupeds, imbedded with fpe 

• " DLscoura sur Ics R.^voluIions de la Surfuce du Glubi;." 
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*»t«r shells, in strata that have been formed, duriug the 

le epoch as the above, at tLe bottom of Iresh-water lakes 

in the beds of rivere and deltas ; such are the fossil 

ea of the lacustrine marls of the Val d'Amo, those in 

" tie valley of the Thames, &c. 

Thirdly. Similar remains in superficial drift spread -over 
the surface of rocks of all ages ; aa in heds of gravel near 
■London ; Petteridge Common in Siurey, &c. 

M)arthly. Bones of carnivorous and herbivorous ani- 
**ial8 accumulated in caverns and fissures of rocks duriug 
*^l»e later period of tte same epoch. The caves of Gaylen- 
»^uth, Kirkdale, Kent's Hoie near Torquay, &c., are ei- 
^■iMpleB. 

Lastly. Osseous breccias that occur in fissures of lime- 
stone on the shores of the Mediterranean, in the Ionian 
-*aleB, in the rock of Gibraltar, at Plymouth, in the Meadip 
iiills, &c.» 

Before directing your attention to the fossils before ua, 
'^"'"hieh are from alluvial deposits of various ages and from 
•iifferent localities, it will be necessary to review the leading 
l^iinciples of the science which treats of the structure of 
•Organized beings. Thus, while in the preceding lecture we 
*"«ferred to Astronomy to dissipate the obscurity which 
Shrouded the earliest physical condition of our planet, wo 
^.re now led to that important department of natural know- 
ledge termed Comparative Anatomy, to enable us to det«r- 
*iiine the eitinct forms of animal existence. I shall therefore 
Explain the mode of induction employed by the scientific 
^jbaerver in the investigation of the fossO remains of animals, 
«ad by which he is enabled to ascertain the structure and 
. «eonomy of creatures which have long since disappeared 
n the face of the earth. 
11. CouFABATiYE AHATOMT. — To a person uninatructed 
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in anatomical detaila, the speoimens before ui 
confused medley of bonee, and of osBeouairagmentB 
in solid etone ; and the only knowledge be could de 
their examination would be the fact, that the stone 
in the state of sand or mud, in ■which, while aoft, 1 
had become imbedded. But in vaiu. would he nee 
ther information from theae precious historical mi 
of Nature ; to him they would prove as uninttl 
were the hieroglyphics of I^ypt, before Toimg an 
pollion explained their myateriouB import. It is oi 
acquaintance with the structure of the liTing fom 
us, and by acquiring an intimate knowledge of thei 
framework or skeleton, that we can hope to dec 
handwriting on the rock, obtain, a clue' to guide ui 
the labyrinth of fossil anatomy, and conduct to th 
eating results, which the genius of the immortal Ci 
taught UH how to acquire. And here it will be net 
enter upon the consideration of those admirable ] 
of the correlation of structure in organized beings, 
first announced by that illustrious philosopher, a 
form the basis of all palieontological knowledge. 

The organs of every animal, observes Cuvier, 
regarded as forming a machine, the parts of i 
mutually dependent on each other, and exquiaitel; 
for the functions they are destined to perform ; ai 
the intimate relation of the several organs, that any 
in one part is constantly accompanied by a coire 
modiScation in another. This correlation, or muti: 
ation of the several parts of the animal fabric, is 
organic structure, which, like every other inductio 
sical truth, has only been established by patient and 
investigation. It is by the knowledge of this iaii 
are enabled to reassemble, as it were, the scatteret 
of the beings of a former state of the globe, — to ^ 
their place in the scale of animated nature, — and 
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it orgaoization, habits, and'econoiny, with as much clenr- 
d eertaiatj as if they were still hving and before us. 
11 demonstrate this proposition by a few eiamples. Of 
IB Bolid parts of the animal frame the most obviously 
wciuinical are the jaws and teeth ; and, as we know ui each 
imtaoce the of&ces they are intended to perfor 

u ifibrd the moat Bimple aad striking Ulustratioi 
priwripleg above enuneinte.l. 




12. OsTBOi-OGt OF XKH OAHNivoBi.— If we esamine the 
fin of the akulla before us, those, for eiample, of a Bengal 
%F (Zi>n. 21) and of a Cat (Xiya. 22), we perceive that 
™re are cutting teeth in front, sharp fangs on the sides, 
wd molar, bruising, or cruBhing teeth in the back part. The 
roolars rise into sharp lanciform points, and overlap each 
°'ner in the upper and lower jaw, like the edges of a pair of 
'tears; and the teeth are externally covered with a thick 
"Hit of enamel. This is evidently an apparatus for tearing 
wd cutting flesh, or for cracking bones ; bat ia not suited 
fnp grinding the stalks or seeds of vegetables. Tlic jaws fit 
together by a transverse process or joint, which moves in a 
corresponding depression in the skiill, like a hinge ; they 
open and shut like shears, but admit of no grinding motion ; 
this, then, is such an articulation as is adapted for a eami- 
rorouB animal ; and every part of this instrument is admir- 
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But all these esquieite adjustments would be loBt, were 
tliere not levers and muacles to work the jawe, — were not 
each portion of the animal frame adapted to all the other 
parts, — and were not the inatincts and appetites of the 
animftl Buch aa are calculated to give to this apparatus its 
appropriate movementa. 

Let ua reverse the order of the argument, — let us assume 
that the stomach of an animal be ao organized as to be fitted 
for the digestion of flesh only, and that flesh recent, — we 
should find that its jaws would be so constructed as to fit 
them for devouring live prey, — the claws for seizing and 
tearing it, — the teeth for cutting and dividing it, — the whole 
Byatem of ita powers of motion for pursuing and overtakiog 
it, — the organa of sense for discoTeriug it at a distance,— 
and the brain endowed with the instinct neoeasary for teaci- 
ing the animal how to conceal itself, and lay snares for iw 
victims. Such are the general relationa of the structure of 




carnivorous animala, and which every being of this c 
must indispenaably combine in its conatitution, or ita . 
cannot exist. But auhordbate to tliese principles, i 
others connected with the nature oud babita of 1 
upon which the ammal ia intendei to sahaiBt;, and thei 
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lesnlt modifications of the details in the forma whicli arise 
from the general conditions. Thus, in order that the animal 
may have the power requisite to cany off its prey, there 
must he a certain degree of vigour in the muscles which 
elevate the head; and thence results a determinate form in 
the vertebrte or honea from which these muscles originate, 
and in the hack of the skull in which they are inserted. 
That the paws may be able to aeize their prey, there must 
be a certain degree of mobility- in the toes, and of strength 
in the clawB, and a corresponding form in all the bones and 
muscles of the foot. It is unnecessary to eitend these re- 
marks, for it will easily be seen that similar conclusions may 
be drawn with regard to all the other parts of the animal.* 
In the Tiger and the Cat {Ligirx 21, 22) we have a familiar 
illuHtration of what has been advanced, 

13. Osteology of the hekhivoka. — In animals which 
are destined to live on vegetables we have the same mutual 
relations ; the sharp fangs of the teeth are wanting ; the 







enamel is not all placed on the top of the teeth, as in the 
camiTora, but arranged in deep vertical layers, alternating 
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■with bony matter ; and this arrangement secures, in all 
states of the teetli, a rough grinding surface, as in the horie 
and the elepliant. Tlie flat molar teeth are not formed for 
cutting, but for mastication, and the jaws are loosely arti- 
culated together, ao as to allow of a grinding movement j 
had the socket and corresponding part of the jaw been the 
same as in the tiger, the teeth could not have performed 
their office ; in the skull of the horse {LiffH. 23), this modi- 
fication of structure ia exemplified. Again, I might proceed 
in the argument, and show the adaptation of the muscles of 
the head to the apparatus here described ; and, beginning 
with the jaw, review the whole animal frame, and demonstrate 
how all its parts are alike wonderfully constructed and fitted 
together, to perform the functions necessary for the being to 
which it belongs. 

In the Elephant, which has but four tcetb in each jaw, 
the deficiency of prehensile incisor teeth being supplied 
by that wonderful instrument, the proboscis or trunk, the 
structure of the dental organs is still further modified. The 
teeth of animals are formed of three distinct substances, 
which are variously disposed in the difierent orders, accord- 
ing to the habits and economy of the species.* The nucleus 
or germ of the tooth is a congeries of blood-vessels and 
nerves, called the puJp^ by which the calcareous bard parts 
are elaborated. The pulp is siirrounded by a covering of a 
very dense substance, composed of phosphate of lime, with 
albumen and gluten, termed dentine or tooth-ivory, which 
is permeated throughout by very minute tubes. The den- 
tine is encased in a still harder material, called enamel. In 
the teeth of man, and of the camivora, the enamel covers the 
entire eitemal surface of the crown. There ia a third Bul^ 
stance, a coarse kind of dentine, of an opaque and yellowiah 
appearance, termed crusta petrosa, or cement, which, in the 
elephant and other herbivora, is interstratified with the 
• See Owen's " Odontography." 
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enamel and dentine. The intenniiture of these three dental 
elements— the tooth-ivory, cement, and enftrael — is apparent 
on the worn Burfaces of the teeth of elephants; and it difl'era 
in tbe several recent anJ fossil s^pecieB." 







lu the AfricftD Elephant {Lign. 24, Jig. 1), the worn aur- 
l^ace of the molar teeth presents a series of lozenge- shaped 
'■lies of enamel, having the dentine on the inner margin of 
tie ridges, and heing surrounded by the crusta petrosa. In 
*-le Asiatic species {Jig. 3) the enamel forms narrow trans- 
*^*rse bands ; and the tooth of the Mammoth, or fossil ele- 
t*iant {Jg. 2), has an analogous, but somewhat different, 
•Sigtribution. 

The appearances shown in these horizontal sections of the 

^Sown of the teeth arise from the dentine being disposed in 

PoraDel and rertical plates which have an immediate invest- 

Viieut of enamel, and are bound together by an external 

Jajer of cement that envelopes the entire aeries, which often 



* See " Mediile of Crcs 



1. 793; "Teeth of Mao 
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noMiWi of &«B trenlj to tUrtjr pbtei. By this pecnlitt 
■icJittwtiBtt of wtmtbat, • mvgk grinding Fitr&ce, adapted' 
for tte MMtitiliuu of TegetaMe food, is alwajrs nuuntained^ 
fitMS the unequal veMmgmmj ttf ■nbstBDces of sw^ diSo-i 
ent degnceof hardneas. 

14. Dksixl orqasb or thk bodkxtu. ok gitavebs.— 
Ill the jaws of an intemiediate order of »nim»l«j ire find 
new modifications of the Bune sppatatns. Thus the £>- 
Jetitia. or gnawere, have long sharp cutting teeth, like 
uippen ; it is by these instramenta thai the rat can speedily 
gnaw a hole through a board, and the squirrel in a nut, in 
consequence of their exquisite adaptation for theae opera- 
tions. In the skull of the Squirrel (Z^n. 25, fy. 2) the 
front teeth are of enonaouB size, as compared with the 
molar, and they lock together in such manner as to render 




mding roovetnent impoasible; a corresponding adjust- 
"ea place, — the lower jaw is so construct- 
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ed as to work in the skull neither in a transverse nor in a 
Totstoiy direction, but lengthwise, like the action of a car- 
j^enter using his plane, the teeth moving backwards and for- 
wards ; as may be observed in the rabbit while eating its 
food. The enamel of the molar teeth, as for example in those 
of the rat (see Lign. 22, Jig. 3), is placed vertically and 
tniiBverse to the jaw, so as to form an admirable grinding 
surface. But this is not the only variation of structure 
obseryable in these teeth. The incisors, being implements 
of constant use, are renewed by continual growth ; and 
tbere is a special provision for their support in a bent socket. 
The enamel is unequally distributed round the tooth, being 
very thin behind and thick in front, by which means the 
cutting edges are always preserved ; for, by the act of gnaw- 
ing, the hinder part of the incisor wears away quicker than 
tiie fore part ; and thus a sharp inclined edge, like that of 
in adze or chisel, is maintained, which is the very form re- 
qnired in the economy of the animal. The teeth of the 
common rabbit or hare will exemplify these remarks. 

15. G-ENEEAL INFEEENCES. — These are but a few in- 
stances of those admirable adaptations of means to ends, 
which are observable throughout the various classes of 
organized beings : but the limits of a single lecture will not 
admit of more examples, and it is, I trust, unnecessary to 
offer additional proofs, that the conclusions of geologists as 
to the nature of the ancient inhabitants of our globe are not 
^ague assumptions, as those unacquainted with the science 
"light suppose, but the legitimate deductions of laborious 
and patient investigations. A few teeth and bones — some- 
times but a single relic of this kind — are the elements by 
which the palseontologist is enabled, not ouly to restore the 
forms of creatures now banished from the face of the earth, 
but also to ascertain their habits and economy, and even 
arrive at positive conclusions respecting the nature of the 
••ountry of which they were once the inhabitants. If we 
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find the remains of animals which were herbivorous, it fol- I 
lows that there must have beea a condition of nature calca- I 
luted for the growth of vegetable productiona for their sub- I 
sistence ; a suitable soil and climate, and B country diversified 
by hilla, vaileys, and plains, with streamB and rivers to canj 
off the auperfiuous waters. 

The same laws, under certain modifications, applv to 
other classes of beings. In birds, the form of the feet i 
modified according to the habits of the difi'erent ordea 
In the parrot {Lign. 23. Jig. 3), the claws are adapted W 
climb trees and to pereh on the branches ; but iu the e^ 




they are widely different, for ita talons are constructed tc^ 
lacerate and tear its prey {Jig. 4). The feet of aquatic^ 
birds are formed like a paddie or oar, to enable them t<^ 
make their way through the water (Jig. 6) ; those of bird^ 



tliat frequent marshes have a great expansion, like a tripod, 
that they may move oyer tiie unstable surface of the moraaa 
{fig. 1) ; while in species destined to inliabit sandy deaerts, 
as the oatrich {,fig. 2), the feet present a corresponding mo- 
dification of structure. 

We perceive, therefore, that every vertehrated animal 
has a solid and durable skeleton, or oaseoua support, formed 
upon one general plan, but modified in almost endless 
variety, in the relative magnitude, situation, and aspect of 
the different parts, so as to adapt itself to the various habits 
and lunotioas of the diversified forma of animal life. In 
short, the Author of nature has by these changes varied the 
same genera] fabric in innumerable ways, bestowed upon 
it a thousand different instinota and paasiona, and adapted 
it to every element and climate, aud to every possible va- 
riety of food and mode of existence ; and it is by a pro- 
found knowledge of these principles of the correlation of 
the difierent parts of every organized creature, that the 
scientific observer is enabled to reeonatmct the forms of 
extinct animals. 

"We may now enter upon that department of geology 
called Palmontologi/, or the science wliicli iTcats of the 
fossil remains of the beings which inhabited our planet in 
former ages. 

16. Fossil Elephants, &c. — As the bones and teeth 
are the least perishable parts of the animal structure, they 
are in genera! the only indications of the characters of the 
ancient mammalia. Occasionally very delicate parts, aueh 
aa the tunic of the eye, the membranes of the stomach, the 
hair and integuments of the skin, &c., are preserved in a 
fossil state, examples of which we shall hereailer adduce. 
In the older rocks, the bones are generally mineralised, 
and no longer possess the white and glossy appearance of 
the recent skeleton; but those which occur in superficial 
gravel, and in caverns, are comm only of a porous and earthy 
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character, like bones that have lost a portion of their animal 
matter by being buried in a dry and loose soil. 

The fossil bones and teeth we have now to examine are 
separable into two classes, namely, those which occur in the 
gravel, marl, &c., of the drift and alluvial deposits, and those 
buried in fissures and caverns. The former are principally 
referable to herbivorous pachyderms and ruminants; the 
latter to camivora. 

I will first take a brief review of the remains of the large 
herbivora, especially of those allied to the elephantine family, 
which occur in great abundance, and are very generally dis- 
tributed throughout Europe, Asia, and America. In the 
earlier ages, these colossal bones were supposed to belong 
to gigantic races of mankind, and gave rise to the marvel- 
lous traditions of giants, so rife in every country in Europe ; 
but we need not smile at the ignorance and credulity of our 
ancestors, for, not many years since, a fossil tooth of an 
elephant, found in digging a well in Brighton, was supposed 
to be a petrified cauliflower ! 

In Eussia, and more especially in Siberia, the fossil bones 
of extinct species of elephants and other mammalia are 
found throughout all the low lands, and in the sandy plains 
which extend from the borders of Europe to the nearest ex- 
treme point of America, and south and north from the base 
of the mountains of central Asia to the shores of the Arctic 
Sea. Within this space, which is almost equal in extent to 
the whole of Europe, fossil ivory is everywhere to be found ; 
and the tusks are so numerous and well preserved, especially 
in Northern Eussia, that thousands have been annually col- 
lected as a lucrative article of commerce. In Siberia alone, 
the remains of a greater number of elephants have been dis- 
covered, than are supposed to exist at the present time all 
over the world.* 

* In 1844, a company of merchants was formed to collect teeth and 
tusks of mammoths from Siberia ; for the fossil ivory was found to pos- 
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17. FOBSIL MAMMAIIA OF THE VAILBT 0¥ THE ThAMEB. 

— It may appear aatoimding to aomc of my readers to treat 
of elepliajits, rhinoceroses, hippopotami, aod gigantic deer, 
aa Laving formerly inhabited the country irrigated by the 
Thames ; jet such was unquestionahly the case at no very 
remote epoch, when the land of England was united to the 
Continent, and the river extended over a much larger are* 
than it has occupied since many cienturies before the Boman 
advent. See Mr. Trimmer's Map, Quart. Oeol. Journ. vol. 
is. pi. 13. 

The banks of the Thames, and of its tributary streame, 
are in great part composed of an ancient aJluvial silt or 
brick-earth, many yards in thickness, contaioing, in certain 
localities, mammalian bones in considerable abundance, with 
interspersions of existing species of land and river shells.* 
At Erith this deposit reaches to 40 feet above the river, and 
near Maidstone to 60 feet. 

At Grays in Essex (opposite Gravesend) these deposits 
may be seen to advantage in sections exposed in the exten- 
sive brick-fielda. The beds consist of — 1. Gravel and sand ; 
2. Loamy eand and brick-earth ; 3. Ferruginous sand, Bhells, 
and gravel ; 4. The chalk, which forms the foundation-rock 
of the country. From this locality alone have been obtain- 
ed numerous boneB of the elephant, rhinoceros, hippopo- 
tamus, horse, ox, etag, gigantic deer, vole, bear, hyena, and 
monkey. 

«£B all Ibe qualities of (he recent, and was said to be less liable id 
iDm yellav. During the year, atxlcen thousand pounds of teelh and 
tuska of maaimolhs were obtBined, and these were sold nt Si Peleraburg, 
under the denomination of Siberian ivory, at prices from 30 to iOU per 
cent, above Ihoae of recent elephantine ivory. 

* There arc aleo a species o( Cyrma, auppoaed to be identical vithone 
that noweiisle near Alexandria, and a I7nKi.ofvhich the analogue lives in 
the lakes and rivem of Aurergtie : ncithi^r are known as living British spe- 
cies. Hee a highly interesting memoir ou these deposits, and their foaBil 
remains, by John Morria, 1 .G.S. (of Kensington), author of" A Cnto- 
logue of British Foaaila," &c.; Mag. NaL Hist. vol. ii. p. 539. 
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Scarcely any traces of treea or plants have been met wij 
yet it is obrioua that the country wliich supported I 
large herbivora must have had an abundant vegetation.^ 

is. FoHSiL Elephants of otheb PiBTa of EsstAND.- 
Along the eastern eoast of England, and off the mouth 
the Thames, teeth, tusks, and bones of elephants and utb 
mammalia are often dredged up by the liahermen, liariii| 
been, for the most part, washed out of the alluvial deposita o 
the neighbouring cliffs by tlie action of the sea ; for the 
kind of drift or alluvial detritus is spread over the countij 
along the maritime districts of Eases, Suffolk, Norfolk, mJ 
Yorkshire ; and probably forms portions of the aea-bed ahs 

At Heme Bay, in the embouchure of the Thames, gre*l 
numbers of mammalian bones have been found ; Waltont 
EsBez is still more prolific ; and the late Mr. Woodward i 
formed me, that the elephants' teeth which had come undsi 
his observation from the coast of Norfolk must have belonf 
ed to more than 500 individuals. 

On the ■western coast of Suasei, and in the neigh!)o^l^ 
bood of Arundel, Fatcham, and Brighton, teeth and bojU* 
of elephants have at different times been eshumed. At 
Brighton the teeth are found in a deposit of rubbly ms* 
rials, consisting of loam, chalk, and broken flints, resting 
a bed of shingle covering the chalk.J In this old shin^ 
bed also bones and t«eth of extinct species of elephant, Mr 
deer, horse, and bones of a whale,§ occur, and are associatW 
in some instances with marine ehells ; similar fossils art 

• A( Ilford, ill Esse:!, quiuililiea of bonea and leclb of elepLanls. rliii»" 
ceroaea, hippoputami, ox. deer, &u., liaie been dug up. Mr. BabM* 
Kaighlabridgo has a very fine eoUecliou of tlipse rcniaina. 

t On Ibe sea-shorti near WbUoii on ilie Hate there is said lo be ■ 
thick lnyer of n. white calcareous conglomerate, which is wholly ooraporfl 
of the detritua of clepbanta' boiies. I 

t See above, p. 113, and Geology oftlio Soulli-Enst orEngliiid. p.3l. 

{ See Medola of CreuUon. yol. ii. p. 778, fur an H<;cuunt of the ilii"^ 
iwvof Ihefoaail jaw ofa whale in Brighton ciiffa. 
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bund in deposits of a like character along the opposite coast 
)f France. 

These elephantine remains are, in the opinion of Dr. Eal- 
coner, referable to three or four species : but the greater 
number belong to the Mammoth, or fossil Elephant of 
Siberia. 

With these relics of extinct mammalia are found those of 
genera and species which still inhabit England, as the bad- 
ger, otter, polecat, weasel ; and of others which were con- 
temporary with the earliest British tribes, as the Irisli 
gigantic deer, bear, beaver, wolf,* but have been exter- 
minated by human agency, probably during the last 2000 or 
3000 years. 

19. Extinct Elephant, ob Mammoth,! in ice. — There 
are but two species of existing elephants, namely, the Afri- 
can, which ranges as far south as the Cape of G-ood Hop(v 
and the Asiatic, which is limited to within 30° north lati- 
tude. Yet the remains not only of one but of several ex- 
tinct species of this family occur all over Europe and North 
America, and are imbedded in frozen gravel and drift in 
72° north latitude. They even abound in ice-cliffs on the 
north-west angle of the American continent, near to Beh- 
ring's Straits. 

The occurrence of innumerable relics of huge extinct her- 
bivorous mammalia over vast regions of the icy zone, where 
but few forms of animal life can now subsist, is a fact of so 
much interest in every point of view, as to demand our earn- 
est attention. Eor not only are the bones and tusks found 
in a beautiful state of preservation, but sometimes even the 
entire body of the animal, with the flesh and skin, as fresh 
as if but recently imbedded.J 

• In the fenny district of Cambridgeshire, these and other mammalian 
remains have been found. See Professor Owen's History of British 
Fossil Mammals ; and Medals of Creation, vol. ii. 

t A Russian term applied to the fossil elephant. 

X The entire carcasses of whales are occaaionaWy dVacovete^ Vk^v^^^^^ 
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In 1774, near Vilhoui, the carcass of a rhinoceros was dug 
out of the frozen sand, where it must have been concealed for 
ages, the soil of that region being now always frozen to with- 
in a few inches of the surfsice. This specimen was a com- 
plete natural mummy, part of the skin being still covered 
with long hairs, and forming a warmer covering than that of 
the African rhinoceros. 

The discovery of a mammoth under similar circumstances 
is yet more interesting.* Towards the dose of the last cen- 
tury, 1799, a Tungusian fisherman observed in a diff of ice 
and gravel, on the banks of the river Lena, a shapeless mass, 
the nature of which he was unable to determine. In the 
course of the next year it was more visible, and on the third 
a large tusk was seen projecting from the ice-cliff, and at 
length became detached. On the fifth year, an early thaw 
set in, and the entire carcass of a mammoth was exposed, 
and at length fell upon the ground. It was twelve feet high, 
and about sixteen feet in length ; the tusks were nine feet 
long. The flesh was in such a state of preservation, that it 
was devoured as it lay by wolves and bears, and the hunters 
fed their dogs with the remains. The skin was covered 
with a hairy coat consisting of black bristles, thicker than 
horsehair, and fifteen inches in length, of wool of a reddish 
brown, and hair of a fawn colour ; and there was a mane on 
the neck. Upwards of 30 lbs. of hair were collected ; some 
specimens of which are preserved in the Hunterian Museum 

in icebergs, several hundred feel above the level of the sea ; and so well 
preserved, that in one instance eight or ten barrels of oil were obtained 
from a portion of the body that had fallen out of an ice-cliflf from an ele- 
vation of 280 feet. — LyelFs Second Visit to the United States, vol. i. 
p. 37. 

* A detailed account of this animal and its discovery was communi- 
cated by Dr. Tilesius in the Memoirs of the Imper. Acad, of Sciences at 
St Petersburg (vol. v.) ; and a Translation of this Memoir was pub- 
lished in 1819, 4to, London), accompanied by a lithograph, of which 
^f^ff, 24 is a reduced sketch. The skm s\.\\\ Temw»& ^\.\»£^<&^ ta the 
Jiead and feet of the specimen. 
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■t tie College of Surgeons. The ears remained dry and 
(hrivelled ; the brain and even the capsule of the eye, wpro 




preterred! The bones and part of the integuments, and a 
Conaiderable quantity of the hair, are in the Museum of Na- 
tural History at St. Petersburg The accompanying sketch 
(Zy«. 24) represeuts the specimen in its present state. 

The tusks are curved forward and upward. The teeth 
differ from thoae of the two living species of elephants, in 
the disposition of the plates of dentine (see p. 142), and also 
in their internal microscopic structure ; the configuration of 
the skull is likewise peculiar ; and these discrepancies, to- 
gether with tlie hairy and woolly skin, led Cuvier to consider 
the species as having been adapted to exist in a colder 
cUmato than the living types inhabit. But that eminent 
philosopher also assumed, from the preservation of the 
bodies of these animals in ice, and the present low tempera- 
ture and sterile condition of that part of Siberia where these 
remains abound, that a sudden change of climOitQ l\ad take.'o. 
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place and continued, bj which means the race was destro^^- 
ed, and their remains entombed in the frozen soil. 

PI ay fair, with that profound sagacity which characterize <Z 
all hi» speculations on geological phenomena, first suggested 
the idea, " that the power of living in a different climate, 
and of enduring greater degrees of heat or of cold, and of 
subsisting on a different kind of food," may have belonged 
to the extinct elephants found in Siberia ; " for, though one 
species,'* he remarks, ^^ may now be confined to the southern 
parts of Asia, another may have been able to ^ndure the 
severe climates of the north : and the same may be true of 
the rhinoceros, buffalo, &c. These animals may have lived 
farther to the south than where their remains are actually 
found, among the valleys between the great ranges of moun- 
tains that bound Siberia on that side. We must observe, 
too, that they may have migrated with the seasons, and by 
that inoana avoided, the rigorous winters of the high lati- 
tudes."* -:\nd more recently. Sir C. Lyell, extending these 
views, suggested that a large region of central Asia, perhaps 
the southern half of Siberia, might, during the mammoth- 
[xriod, have possessed a climate mild enough to support a 
vegetation fit for the sustenance of the fossil species ; and, 
n\iisoning upon the present physical geography of the coun- 
try, he thought that the whole tract from the Ural Moun- 
tains to the sea had Kvn upraised, like Sweden (p. 116), 
and that the refrigeration of the north-east of Asia, and its 
prt^sont cinidition, were the result. These opinions have 
been confirmed by the recent investigations of Sir R. Mur- 
ohison, which are so important, both in a geological and 
pal;vontoloi:ioal [>oint of \iew, that I must offer a concise 
skotoh of the facts and observations which bear upon this 
question. 

* r.jr/airV K^nstmioics of ili^ HuitoniAn Tbeoiy, EdinVxirgii edition 
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20. Mammoths of the allutlal deposits of Bussia. 
— Premismg, that with the remains of the mammoth and 
rhinoceros there occasionally occur bones of a gigantic 
beayer {2h)g(mthefiu^), bear, great deer, ox, and a re- 
markable extinct pachyderm (Elasmotherium), we will first 
describe the nature of the deposits in which these relics are 
imbedded. 

There is a great analogy in the geological character of the 
detritus composing the alluvial mammaliferous beds of Bus- 
sia and those of our own island ; both have evidently been 
formed under similar circumstances in river-deltas and estu- 
sries, and off sea-shores, in water of moderate depth ; they 
are in fact drifted materials, that were brought down by 
currents and streams from the dry lands inhabited by the 
animals whose remains they contain : and by the subsequent 
elevation of the coasts these littoral deposits hav^ been 
raised to their present level. 

In Siberia, the mammoth's remains are found in alluvial 
detritus in the flat northern tracts, or near the mouths of 
the great rivers. Even in all the central and southern parts 
of European Bussia, from there being no high ridges of 
elevation, and consequently no coarse local detritus as on 
the flanks of the Ural Mountains, the mammoth-alluvium 
assumes the same aspect as in the distant plains of Siberia, 
where it is equally removed from disturbing causes. 

A section exposed in an abrupt cliff on the Sea of Azof, at 
Taganrog, will explain the usual character of the deposits : * — 

1. Clay-drift, containing numerous bones and teeth of the mammoth : 

50 feet. 
'2. Band of finely laminated sands, full of shells probably of the same 

species as those that inhabit the adjacent river Don. 
3. Tertiary newer miocene limestone : forming the base of the cliff: 

to the height of 20 feet. 

From the nature of this drift, and its distribution at 
• Geology of Russia and the Ural, vol. 1. ^. SO'i. 
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vnrioufl levels. Sir S. Murchiaon iofera that the greater parts 
ol' this low continent, unlike tiie Urol and higher portionW 
of Siberia, was not dry land during the existence of thw 
mammoths, nor in the period imniediatelj antecedent to our- 
own ; but waa in the same Hubiiqueous condition as the \ovr 
landa of Northern Siberia, when tLe bones were transported- 
into the then existing estuaries and bays. 

21. SiBEaii ASD ItDSaiA in tub MiMMOTll-EtOCU, — 

These obserrations of Sir B. Murchison clearly prove, tha^ 
the mammoths cannot have inhabited the northernmost flat*- 
traj^ta of Siberia in which their remains are imbedded, f<^~ 
the wide and low districta of that sterile region were be- 
neath the sea at the period when these extinct animals ei> 
isted ; the bones aad carcasses must, therefore, have driftei- 
thither, and probably from a considerable distance. Th^ 
inammplian remains do not occur on the elevated chaios o^ 
hills ; and, from the physical structure of the country, it i» 
probable that not only the Ural and Altai Mountains, but? 
also their northern ridges and terraces, which include mor» 
than half of Siberia, were covered with forests in some parts, 
and with brushwood-steppes in others ; and herds of mam- 
moths may have migrated thence in the summer Beaaou. 
(which is even now intensely hot) to the embouchures of th& 
great streams and the borders of the then Arctic Sea. From, 
a masterly review of the phenomena relating to this subject, 
by Sir E. I. Murchison, we gather that — * 

A former terreatrml Burface, on which the grcnt quadruped* lived for 
ages, and Ihe mpturo and diminution of adjacent lakes, coincidonl irilh 
some of the last elevations of the Ural chain, will ^est explain the con- 
dition in which the romaina of mammotha are found buried on tbe ed^ 
of the npUned ridg;ea of the Utnl, aa well as in the Igw lands and great 
cadiarioa farthest removed from them. 

As we advance inio the plains of Biherie, or descend Into the Tilleyi of 
the Tobol and the Obc, the bones are in greater qiinntilica and in a bvller 

* Geology of Russia nnd the Ural, vol. i. chap, xix. 
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*^ of preserration ; and the fartlier the Siberian rifen are followed to 

^vir motttha, the more do the mammalian remains increase, until at 

^gth whole skeletons, and even carcasses, are found. The single fact 

^ the Tery wide diffusion of mammoth-bones over enormous regions, in 

'^f indicates that those creatures had long been inhabitants of such 

^uutries, living and dying there for ages; whilst their final destruc- 

^on may hare resulted firom aqueous debacles dependent on oscillations 

^^ the land, the elevation of mountain-chains, and the formation of much 

iocal detritus. 

The Siberian mammoth, having a close coating of wool and much 

shaggy hair, seems to have been adapted to inhabit the regions of northern 

^U]t>pe and Asia; and the elevation of large tracts of land in Siberia, by 

^ying dry the low shores and estuaries into which their bones had been 

.^^«hed, would necessarily render the climate more intensely cold. The 

^^timate structure of the teeth in the mammoth differs from that of the 

^^iatic and African elephant, and is supposed by Professor Owen to indi- 

c^te that the extinct creature lived on coarser ligneous tissue of trees and 

^H.rubs, that may have constituted forests, extending even into the pro- 

'^ontories of the icy sea, ere the physical events had taken place which 

^^Qvatcd the Ural Mountains to their present altitude, and lefl the coasts 

^^ith no vegetable support but the moss and lichens for the rein-door and 

^^Uttk-ox (buffalo), with which the mammoths were once contemporary. 



22. Tee Mastodok. — In various parts of North America 

^here are marshy tracts abounding in salt and brackish 

"Gators, that are frequented by deer and other animals; 

<l circumstance from which these swamps have acquired the 

American name of Lick, In these morasses vast quantities 

of bones and several entire skeletons of elephants and other 

^i^ntic quadrupeds have been discovered. The spot most 

celebrated for these remains in Kentucky is called J3ig-boiie 

Lick, which is situated to the south-east of the Ohio, in the 

midst of a group of low hills, and is traversed by a small 

stream of brackish water. The bottom consists of black 

fetid mud, intermingled with sand and vegetable matter ; 

and in this bog bones occur in abundance. Some of them 

are referable to the mammoth; but others, as you may 

observe from the specimens before us, belonged \.o«uCtvi».\M^^ 



not lees gigantic, but with very distinct oliaractera. These , 
teetU are composed of dentine and enamel ; and the latter ' 
is spread over the crown of the tooth, which, before it ia 




worn by use, ia divided into several transverae tiiberclea, 
or procesaes, each of which is subdivided into two obtuse 
points, these transverse ridges not being filled lip with' 
cement, as in the elephant; from this form of the crown o£ 
the tooth the animal to which it belonged has received the; 
name of mastodon, signifying mammillary tooth.* TbeM^ 
teeth have no relation whatever to those of the camivoraj 
for, though they have an external investment of enamel, as iir 
the teeth of the tiger, they are destitute of the longitudinali 
serrated, cutting edge ; and in those which are worn, 
protuberances become truncated into a loeenge form. This 
structure is fitted for the grinding and mastication of tough 



■ Pitlorial Alias, pi. 7-1. 
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and hard vegetable Bubatancea. TLe bones and teetJi of the 
maatodon have been found throughout the plaina of North 
America, from north of Lake Erie to aa far south as Charles- 
ton in South Carolina. There were also mastodons pecu- 
liar to Central and Southern America. The remains of 
other species have been discovered in the Crag of England, 
in France, Switzerland, Germany, Spain, and Italy, tn Asia 
Minor, and in several parts of India.* 

These remains are met with, under many varieties of con- 
dition ; but thoae of Kentucky are found in marl, beneath 
peat-bogs, at moderate depths, and witli no marks of attri- 
tion ; it is therefore evident that the animala lived and died 
in the country where their relica are entombed. 

In the auburba of Rochestef (U. 8.) many bones of maa- 
todons were dug up from a bed of clay which contained 
numerous river-ahells of eiisting speciea {planorhit, vahatn, 
limnwa, ei/eUu, &c.). The skeletons of the great mastodon 
found in the bogs of Louisiana were in a vertical poaitioo, aa 
if they had aunk in the mire ; and one discovered imbedded 
in black earth in New Jersey, forty milea to the south of 
New York, waa in the same position, the head being on ft 
level with the surface of the soil. There ia now on entire 
skeleton of the maatodon in the Britiah Museum-t Trom 
this specimen it appears that the great mastodon of the 
Ohio waa not unlike the elephant in its general outhne, 
though somewhat longer and thicker. It had a trunk or 
proboscia, tuska, which curved upward, and four molar teeth 
in each jaw ; the tuaka being the only " inciaora." 

But another remarkable peculiarity, and which entirely 
separates the maatodon from the elephant, is that the young 
animal had a pair of tuaks, placed horizontally in the lower 
jaw ; and of these tuaks, one only became developed, and that 

' See Cantley tmd Falco-ner'e Fauna Sivalmais 
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in the adult male ; both were early shed in thf female.* 
The tusks are composed of ivory, and vary somewhat in 
the direction and degree of their curvature. 

In the midst of a collection of mastodon bones imbedded 
in mud, a mass of small branches, leaves, grass, and a com- 
mon Virginian species of reed, in a half bruised state, was 
discovered; the whole appeared to have been enveloped 
in a sac, probably the stomach of the animal. In another 
instance, traces of the proboscis were observed. The bones 
of this colossal quadruped are found remarkably fresh and 
well preserved, and are generally impregnated with iron. No 
living instance of this creature is on record, and there can be 
no doubt that its race has long since been extinct. The 
Indians believe that men of equally gigantic proportions 
were coeval with the mastodon, and that the Great Spirit 
destroyed both with his thunder.f 

The North American mastodon is known as the M. 
Ohioticus, and appears to have been limited to that country. 
Humboldt discovered a tooth of a mastodon near the vol- 
cano of Imbaburra, at an elevation of 1200 fathoms. In 
England, a few mastodon teeth have been found in the 
Norwich Crag ; these belong to a species named Mastodon 
angustidens (narrow-toothed) .Ij. 

23. Mastodons from Ava. — I have now to call your 
attention to the fossil remains of several species of mas- 
todons which, from the structure of the teeth, fill up, as it 
were, the interval that separates the mastodon from the 
elephant : one of these was in consequence named by Mr. 
Clift Mastodon elepJiantoides {Lign. 26,j^y. 2). These teeth 
present very peculiar characters ; for, while in their general 
appearance they resemble those of the mastodons already 

♦ Professor Owen. f Cuvier. Oss. Foss. 

J The British Museum now contains an unrivalled collection of the 
fossil remains of mastodons and mammoths from North and South Ame- 
rica, and India. 
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Scattered over the surtace, in aorae instanccB lying loose iii 1 
the sand, oad in others half buried, were maBeea of ailicifiad I 
wood, and fragments of bones, which had become espoaed, 
from the removal of the sand by the winds and rains. The i 
bones are more or less invested with a hard crust, which, is -i 
a coneretioa formed bj the consolidation of loose sand from,fl 
ferruginous and calcareous infiltrations. The natives, who'T 
assisted Mr. Craufurd'a party in collecting these remains, ' 
believed them to bo the bones of giants that hod warred 
against Vishnu, by whom they were destroyed. 

24. Fossil mamualu, Ac. of thb 8 en- Him al at ah s.— 
But the number of these transitional or intermediate linli* 
of elephantine forms has been greatly increased by the ac- 
cession made to our knowledge of the fossil fimna of India, 
by the labours of Col. Sir Proby Cautley and Dr. Fdconer, 
who, with energy and perseverance beyond all praise, fonnEd 
and brought to Europe an immense collection of these mam- 
iiialiao remains. The following extract from the prospectus i 
of a work now in the course of publication by these eminent I 
naturalists will convey some idea of the richness and interest J 
of their discoveries : — I 

" The fossil Fauna of (he Sewa-lilt range of hills, Bkirling; the southern 
base of the llinialayahs, hns proved mure abundant in genera and apecies 
than that of any other region yet explored. Aa a general eipression of 
the leading features, it may be slated, Ibut it appears to have been com- 
posed of representative forms of all ages, from tho oldest of the tertiary 
period down to the modem, and af all llie geiigraphieal divisions of (he 
Old Continent, grouped together into one CDraprehEHsite Fanna in India. 
Of the forms contained in it may be enumerated, in the Pachydtrmolt, 
several speciea of Mastodon and Elephant, the heiapcotodon HippopotV 
mi, Merycopolamua, Rhinoceros, Anoplotherium, Sus, and three spe<uw 
□f Equux; in the RurainarUia, the colossal genus Siialheiium, peculiar tq 
India, with species of Camelus, Csnielopatdalis, Bos, Cervus, and Ante- 
.ope ; in the Camixmra, species of moat of the great types, togelhar vrifli ' 
several remarkable undescribed genera ; in the Rodmlia, several specteB)' 
io Uie Qmdrumana, several species ; in the RqtiUa, a Gigantic TcnloiiH 
^^^^tCahnochtlye), with species of Emys and Triouyx, and several fonns O^f 
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25. StTB-HiMAiATAif TEETriRT DEPoaiTB.^The deposits 
from which these remaioB were obtained reiemble those of 
Aya already meutioned, and consist of concretionary grit, 
conglomerate, aaodatone, and loam ; they are spread over 
the flanks of a range of hillH belonging to the Sub-Himalayan 
mountaina, between the river Sutlej and the Ganges. These 
hilla, which Col. Cautley terms the Sevahk Bange, rise to an 
altitude of from one to three thousand feet above the level 
of the sea. The Sevilik or Sub-Himalayan deposits extend 
about 200 miles in length, and seven in vridth, and dip to the 
nor that an average angle of 25° ; wherever gullies ortisaures 
expose sections of the beds, abundance of fossil bonea ap- 
pear.t Lignit-e and trunks of dicotjledonua trees occur ; 
a few land and freshwater shells of existing species are the 
only vestiges of mollusca that have been observed. He- 
mains of several p f fah ltd to the re- 
cent Silurua, have b bt d 

The immense 11 ti f th f 1 th British 

Museum J renders y d t 1 d d npt sary, and 

I will only dwell o fwfthmtmpttp vticulars. 

The remaina of th 1 ph t dm tod t d animals 
comprise perfect pemn-fltill djw f gigantic 
size. The tusks f mpl re 9 f t 6 hes long, 

and 27 inches in ml n at th ba. § 

" " Faima Atiligua fHialcntia, beinR the Fossil Zonlogy of Ihe Sewnlik 
HilU. in the norlli uf India." by HuKh Falconer, M. D., and Cuplsin 
(now Col. Sit) ProbjT. Caul1ey,/D(. Nine Nos. (1845-49) have been 
published. 

+ See an inlerealinK Memoir by Sir P. Caulley ; Geol. Trans. 2nd 
Series, vol. v. p. 267. 

t See Fossila of ihe British Mnaenm, p. 468. 

4 These fossila nre bo admirably clsared from the hard rock vilh which 
they were inmisted (a task of no lit lie labour, and requirinp; great skill), 
that I cannot forbear recommending 1o the notice of any coiloclotH who 
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26. Eemabkable collocatiok of fossil akimalb.— 
But this collection is invested with the highest interest, not 
solely on account of the number and variety of the specimens, 
but also for the extraordinary assemblage of animals which 
it presents. In the Sub-Himalayas we have entombed in 
the same rocky sepulchre bones of the most ancient extinct 
races of mammalia, with species and genera which still in- 
habit India ! Pabeotheria, Anoplotheria, Dinotheria, Mas- 
todons, Elephants, Giraffes, Hippopotami, Brhinoceroses, 
Horses, Camels, Antelopes, and even Monkeys ; Stnithious 
birds, and Crocodilian and Chelonian reptiles. To this 
concise enumeration must be added several genera previous- 
ly unknown ; large rodents, and insectivora, &c. 

Among these marvellous relics of the past, are the skull 
and bones of an animal named SivatJierium (from the Indian 
deity Siva)^ that requires a passing notice. This creature 
forms, as it were, a link between the ruminants and the 
large pachyderms. It was larger than a rhinoteros, had four 
horns, and was furnished with a proboscis ; thus combining 
the horns of a ruminant with the characters of a pachyderm. 
When living it must have resembled an immense antelope 
or gnu, with a short and thick head, and an elevated cranium 
crested with two pairs of horns ; the front pair were small, 
and the hinder large, and set quite behind, as in the aurochs ; 
with the face and figure of the rhinoceros, it had small 
lateral eyes, great lips, and a nasal proboscis. 

Among the reptilian remains are skulls and bones of a 

Q-augetic Crocodile or Q-avial, and of a land Turtle, which 

cannot be distinguished from those of species still living in 

India. But the most extraordinary discovery is that of 

bones and portions of the carapace of a Tortoise of gigantic 

dimensions ; it has been aptly named Colossochelys Atlas : 

the length of this reptile exceeded twelve feet, 

may require such aid the person by whom they were chiselled out — James 
DeWf 25, Harrison Street, Gray*s Inn Road. 
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27. Tub PAMPis. — The Pampae, those vast plainB in 
SoQth America which present a sea of waving grass for 900 
miles, are principally composed of alluvial loam aad sand 
containing freshwater and marine shellB, and were once, 
hke Lewes Levels, a gulf or arm of the sea. In these allnvial 
depoaits, bones of enormous extinct mammalia have frequent- 
ly been discovered. Towards the close of the last century, 
^n ilraost perfect skeleton of a gigantic animal {Megathe- 
'liiw) was dug up, at a considerable depth, in a bed of clay, 
on the banks of the river Luxor, about four leagues W. S.W. 
of Buenos Ajres. This skeleton was sent, in 1789, to the 
BiMeum at Madrid, where it now remains. It is described 
I and figured by Cuvier, under the name of Megallierium. 
I In 1833, Sir Woodbine Parish, with conaiderahle labour 
Wd expense, collected many bones of a similar creature 
iTOm the Salado; having actually diverted for a time the 
liver from its course, that he might disinter these remains ; 
tfiese he afterwards presented to the Hunterian Museum at 
the Boyal College of Surgeons. 

Since that time relics of several other remarkable fomis 
"' extinct mammalia have been discovered ; a few of these 
*e will here briefly describe. 

The Pampas, observes Mr. Darwin, may be regarded as 
"^le vast sepulchre of these lost quadrupeds. The deposits 
^ which the bonea occur are as follow; — 

1. Ked clayey earth with calcareous concretions and bones 
'-■f terrestrial animals. 

2. Indurated marl. 

5. Clay, sand, and limestone, containing marine shells and 
"Mark's teeth, and forming the substratum. 

This section demonstrates that a bay of salt water was 
KfWnally encroached upon, and at length beeame the bed of 
* inuddy estuary, into which iloated the earcnsses of the ani- 
l^alB which then inhabited the neighbouring dry land. It 
'* in the upper deposits that the teeth and botiea df tte "Wfe- 
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gBtheriuiD, Mylodon, &nd other gigantic aaimals of the Sloth 
tribe. Armadillo, Mastodon, Horse, Ac., are imbedded.* 

28. The Sioth tribe. — The most remarkable of the 
foBsil bones discovered in the Pampas belong to several ei- I 
tinct colossd animals of the Edentata ; t &o order of irhich 
the ArmadilloB, Sloths, and Ant-eat«ra are the living repre- 
sentatives. But as the ertioct forms differ greatly ieora the 
existing ones, in their gigantic proportious, short massy ei- 
tremities, and thick and strong tul, their mode of life must 
have been very diBsimilar. To impart a clear perception oE 
the peculiar modification of structure which these eitinoj 
beings present, it will be necessary to offer some remarks oQ 
the existing types— the Slotts. 

The Sloths are arranged by naturalista in a tribe termed. 
tardigrada, from their feeble power of progression on the 
surface of the land; for the same rcuson they are called 
Paretteux by the French, and Slotht by the English. They 
are of slender form and small size : the largest species Ib bui, 
little larger than a cat. They have long toes, and niulfe 
which fold up, so as to enable the animal to walk in the 
same way as if our fingers were folded under the palms of 
the hands, but which are not capable of beiug retracted into: 
a sheath, as in the feline tribes. The arms are double th©' 
length of the legs, and, from the construction of the limbi^- 
the animal, when it walks, or rather crawls on the grouni> 
ia obliged to drag itself along on its elbows. But thew 
creatures are destined to inhabit trees ; their proper elei 
meut is on the branches, and they can pass from bough to; 
bough, and from tree to tree, with a rapidity which sot»t 
enables them to lose themselves in the depths of the forestto 
They live on the leaves and the young shoots, and, unless 
disturbed, never quit a tree until thoy have stripped off 
every leaf, To avoid the latour of a descent, they drop to' 

• Mr. Dftrwin; Appendin lo Beechey's Voyage. 
Id named frum Bome of these auimila tutiing no teeth. 
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the ground, previoualy coiling themaelTOB into s, round ball, 
in which atate, while attached to the branch, they may he 
taken alive. Thus the habits and ecouomy of the aloth 
point out the necesaity for a peculiarity in. the structure of 
its clawB. The monkey leaps a,nd ewinga himself from tree 
to tree, and catches at will the branches or the trunk ; but 
the sloths do not grasp ; their claws are mere hooks to hang 
by, and their great strength is in their amiB. Tliey never 
imfix one set of hooks until they have caught a secure hold 
with the other, thus hang;ing ty their arms and legs, while 
their bodies are pendant ; and they sleep in the same po- 
sition. The hones of the arm. are constructed to suit these 
conditions. The humerus has a long internal condyle for 
the origin of large muscles to move the enormous claws ; and 
there is an opening for the passage of the principal nerves 
and blood-veasela, to protect them from the pressure to 
which they would be exposed from the powerful muscular 
action : and the radius (one of the boaes of the fore-arm) is 
constructed to allow of a free rotatory nmtion to the limb. 
In the extinct Sloths a similar conformation is maintained, 
but somewhat modified to suit the different physical con- 
ditions under which they existed. There are three genera 
well established from the fossil remains ; • the names assign- 
ed to them refer to some striting character ; as Megalonyx, 
from the enormous size of the claw ; — Megatherium, or 
enormous wild animal, from ita colossal proportions : — My- 
lodon, or molar-tooth animal, from the peculiarity of ita 
dental organs. 

29. The MBGATHEEiUM.f — This creature was seven feet 
high, and nine long, and therefore larger than the largest 
rhinoceros; but this comparison by no means conveys a 
proper idea of its bulk, since its proportions are perfectly 
colossal, the thigh-bone being three times as large as that of 

• Sea MedBlH. vol. ii. p. 798, 
f Owen; Phil. T runs. Fossils of the Brit. Mua p. 477, i^i. 1 12, 113 
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the elephant, and the pelvis, or haundi-bone, twice tiie 
breadth. It possesses no incisor teeth, and the grinders, 
which are seven inches long, are of a prismatic form, and, 
like those of the Sloth, composed of dentine and cement.* 
They are so formed, that the crown always presents two 
cutting, wedge-shaped, salient angles. As in an adse, s 
plate of steel is placed between two of iron, so as to project 
in a line, in like maimer these teeth have in the centre s 
cylinder of ivory, which ia protected by a plate of denser 
structure, and an external coating of cement; they are, 
therefore, admirably adapted for cutting and bruising veget- 
able substances. The entire fore-foot is about a yard in 
length, and armed with strong daws. The pelvis measures 
five feet in width, and the sacral aperture of the spinal ma^ 
row is one foot in circumference ! This enormous size was 
suitable to the habits of an animal requiring to maintain an 




Lion. 27.— Bestoked outline of the Meoathehium Ajceeicakvu- Blummboeh. 

The original 12 feet in length. • 

upright posture for a considerable time, while employing its 
fore feet in digging up roots, or in severing and pulling 

• Prof. Owen's "Odontography," vol. i. p. 338 ; and Phil. Trans, vol. 
cxlvi. p. 579. 
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down the young trees and branches, which doubtless con- 
atituted the food of this coloBsat creature. 

The Megatherium was intermediate between the Sloths, 
Armadillos, and Ant-eaters; for, while in its skull and 
shoulders it resembled the former, its lega and feet presented 
an admixture of the charactera of the latter. 

30. The Mtlodok. — This creature waa nearly as large 
as the Hippopotamus, but shorter. Its hinder eitremities 
are relatively aliort, and the feet are placed at right angles 
with the legs, and are as long aa the thigh bones. The tail 
is remarkably thick and strong, and as long aa the hinder 
estremities. The pelris is very massive and solid. The ribs 
are as stout and broad as in the elephant. The fore-legs, or 
arms, are connected to the sternum by powerful clavicles, 
and are so constructed as to admit of unrestrained motion 
in every dirsotion. The toes are five in number on each 
fore foot, and four on the hinder ; the two eiteraal toes are 
unarmed, the others have powerful curved nails or claws. 
This creature had elawa and hoofs on the same foot, and 
therefore connects the two great groups of recent animals, 
the ungvlata and unguiculata. 

The skull is long, narrow, and smoUer than that of the oi ; 
it terminates in a flat or truncated muzzle. The bones of 
the upper part of the cranium are of enormous thickness. 
Urge air-cella being interpoaed between the inner and outer 
table. The teeth, which are implanted iu very deep sockets, 
are of the same form and size throughout, and closely re- 
semble in structure those of the Megatherium, but the sur- 
fece of the crown when worn is flat; there are four on each 
aide in the lower, and five in the upper jaw. 

There is a magnificent skeleton of this creature in the 
Hunterian Museum ; it is as perfect as if the animal had re- 
cently been buried, and the bones dug up entire. It is eleven 
feet long, from the muzzle to the extremity of the tail.* 

• See a Memoir on Ihe " Skeleton of an extinct giBanlia Sloth {Uylo- 
dm robmtui)," by Prafessai Owen. 4(0, wUti pUlfii, 1S42. 
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The Mylodon, lihe the Megatherium, was a vegetable 
feeder, aod probably browsed on the tihrubs and branches of 
trees. The arma are especially adapted for grasping and 
wrenching ; and, though no trees coidd support the "weigbl 
of this enormous creature, there is nothing to forbid the sup- I 
position that with its hinder feet Jt could claap the trunk of I 
a large tree, and with its fore feet climb to a suffictent height 
to seize and wrench ofi'the branches. 

31. The MEOiLONTx. — An enormous curved ungueal 
phalani or claw-bone and several bones of the arm and 
sternum of an animal related to the Sloths were found maajp J 
years since in Big-bone Cave, one of the numerous saltpeteaw 
caverns which occur in the States of Kentucky, Tennessee n 
and Virginia. Some of these caves estend many miles under 
ground, passing beneath hills, valleys, and even rivers. In 
these subterranean retreats are sometimoB found Indian 
mummies, which are simply desiccated human bodies, in a 
fine state of preset vatiem ; bones of eiisting species of mam- 
malia, and of mastodons, mammoths, and, rarely, of estinct 
gigantic sIothB, also occur. • 

The remains of the Megalonyx were first described by 
President Jefierson ; and the claw-bones, the largest of 
which waa nearly seven inches long, eicited especial atten- 
tion, from the supposition that they belonged to a earnivor- I 
ous animal of marveUous size. But Cuvier, in an admirable'l 
memoir, proved that they were referable to an extinct foni* 
of the Edentata. I will endeavour briefly to eiplain hoir ' 
this beautiful induction was established. 

The paws both ot llie canine aiid feline Iribea are anncd with cUws ; 
in the fomiDr the nails are thick ind casrae, as in the dog, wolf, Ac, and . 
will bear the friction and preaaure incident to a long chose j bu^ in I 



■" See Dr. HarJan'e Medical aai Pfa'ji.Ksi Bcsemchea, 8vo, 1B45, i 
31S; alao Ameacaa JouinaL of &ci.Bn««, Eot Kla.ij , \%b\. 
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ibecal tribe, ibey are curved and sharp, and Ibeap qualities ure preacrvcd 

bfipatticnlar mechaaism. The lajtl bane which supporu the clnw is 

fhred lulerHlly to the peoultimile bone of the phalftni, lud is so juiued 

to it, that ta elsatic ligameDt drawe it backhand raises the sharp extrem- 

U( ot lie daw upwards ; and the pioiimal or neorsst extremity of the 

iiilheel bone presses the ground in the ordinary numiug of Uie uiimal, 

whiie the claw is retracted Into a shtath ; but, when the creature makes 

sipriog and strikes, the claws are uiicased by the action uf tlic flexors or 

^MUn{ tendons. In the BenguJ tiger, the claws are so strong, and the 

BHlo powerful, that the; hare been kcown lo tractute the skull of a 

^Hkb; a single touch from the animal in the act of leaping over him. 

HMKiffords a familiar illusuatioD of this peculiarity of structure; when 

iMUed, its claws are relracted, and when angry ihey are Ibrowa out. 

In the claw uf the Megalaayx there Is no such lateral piovisiou for its 

nunction, and the point could not have been raised vertically, as in the 

tU, M as to have permitted the foot to touch the ground without injury 

!• point of the claw. Theartieulaling surface is double, that is. there 

line in the middle, and it must, therefort, have moved like 

The bones of the arm present a corresponding conliguration 

leof the sloth; the humerus ia perforated for the passage of llie 

Utod-tessels, and the radius b coiuilructed for rotation. 

The Megalonyx probably resembled the Megatberium in 
itt general character, configuration, and habits, but was one- 
third smaller than that gigantic creature.* 

32. The Glyftodon — ho named from the deeply-grooved 
teeth— was an animal allied to the Armadillos, and poHseBs- 
*d a carapace, or coat of mail, formed of polygonal bony 
plates united by sutnre, which constituted an impenetrable 
MTering over the upper part of the body. The plates of 
tlia bony integument were not disposed in rings aa in the 
Wtnadillo, but were articulated to each other, and formed a 
tesaehtted cylinder, or rather arch ; the tail was enclosed in 
s cue of this kind, like a sword in its Bcabbard.f 

*• CbsIs of alt the bones and teeth of the Megalonyi that are in the 
HasGnm of Philadelphia were presented to Dr. Montell by Dr. 5. G. Mor- 
toa of Uifli city, and are now in the British Museum, 
t FoasitaortheBritishMuseum, p. 359; Medals, vol. ii. p. 799. A 
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Such were the gigantic Edentata that inhabited the drj" 
land of South America at a comparatively modem period; 
and it ia worthy of eapeeial remark, that, though these beinp 
have long been eitiact, elotlis, ant-eatera, and armadilloii 
hut of dirainutiTe size, are still the chararteriBtic mammsW 
of that country. 

33. The Toiodon.— The bones of seyeral other extind 
quadrupeda have been found with the relics of the gigaoSl 
sloths and armadiUos. Among these are the skull and teeti) 
of an animal of large size, named by Professor Owen 3W 
don, from the singularly curred form of its molar teeth . Th 
skull is tweaty-eight inches long and sisteeii broad, aM 
presents a blending of the osteological characters of thl 
several existing natural orders of the rodentia, ruminantil 
and cetacea. 

The MiCBAUCHEifiA, another eitinct piichydenn, fouw 
in Patagooia, unites in a remarkable degree the structure ( 
the Camel and Tapir ; it must have somewhat resembled dl 
Llama, but bad a neck surpassing in length that of an 
other animal, except the Giraflb.* 

34. Fossil hippopotamus, BHnfocEEos, noBSE, &o.- 
With the remains of the mammoth, elephant, and otht 
large mammalia, teeth and bones of several species of hi] 
popotamus, horse, deer, oi, and aurochs are very common) 
associated in the alluvial deposits of Europe. In the Yal 
of Atqo, in Italy, immense quantities of the teeth and bont 
of hippopotami are found ; on the table before us are spec 
mens from that locality ; as well as molars and incisors of 
young animal from Kuntingdonshire ; and tuaka, teeth, an 

9S of the Glyptodan is in the Hosem 
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bonee, dug up in alluvial marl, at Southboum, in Sussei. 
tSerorftl extinct specieB have beeu determined by Cuvior, one 
[tf which was not more than half the sine of the common 
popotamuB. 

The bones and teeth of the Ehinoceros are frequently aa- 
iociftted with those of the foaai! elephant ; and they occur 
ui the gravel and loam of the Thames valley, and in many 
other parts of Britain. I have obtained specimens from a 
f'ed of gravel, on Petteridge Common, in Surrey, and from 
'Oam at the With, near Southboum, in Sussex. 

The most extraordinary and interesting fact, relating to 
the rhinoceros in a fossil state, is the discovery of the en- 
tire earcoHB, covered with its skin, in frozen sand, on the 
"Onka of the Wilaji, in Siberia, as previously mentioned (p. 
lS2), The bead was extremely large, and sustained two 
*ery long horns ; it had no incisors ; the body and limbs 
"^©re covered with brown hair ; the general form of the ani- 
>kkal was lower and more compact than the living species. | 

The teeth and bones of one or more species of Korse j 
**«cur very constantly with those of the other large eitiuct | 
l>9ichydermB. In these examples of the conglomerated shin- i 
^le from Brighton cliffs (see p. 113), the coffin, pastern, ( 
^>ud cannon booes, as they are termed, of a small species, I 
^ihout the niie of a Shetland pony, are imbedded ; in some 
Vnatances the cavities of the long bones are filled with ] 
^SrystalliKod carbonate of lime. , 

In addition to those already mentioned, the deposits now , 
Xinder examination contain vestiges of other lost forms of | 
%nammalia. The fossil remains of an animal resembhng the 
^uek-oE • were found with elephants' bones in Siberia ; of 
«ii extinct species of Fallow-deer in Scania; of £oe-buck 






(* The Uuik-oK, orntheT Muslc-bulf&lofOiMn}, luu baen ofliiM dii- 
Fonil both In Beckahire and near Bulb ; leo Quart. Joarn. Gca- 
Sociely. vol. xii. p. 124; and Brilinh Auioc. tleporla, IS!)G. 
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and B«iii-deer* in France and England ; and of gigantie | 
Oxen, Aurochs, t Deer, &<:., in our own country. It il 
wortliy of remark, that the fosad piwhydemiB, such aa tbs 
elephant, rhinoceros, &c., belong to genera which are now 
restricted to torrid climes, while the ruminaotB regemblfl 
those which at the present time are natives of northen 
latitudes. 

85. The DiNOTHHRiUM.t^I shall conclude this notice 
of the fossil mammalia, with an account of a gigantic cm- 
ture whose bones occur with those of the mastodon, elephant 
and other terrestrial quadrupeds, previously deacribed. 

In various parts of the south of France large molar tcetk, 
resembling in form and structure those of tapirs, have oe- 
casionaUy beea found ; they are described by Cuvier undfii 
the name of the " Qigantie Tapir." Subsequent discovcriM 
in Bavaria, Austria, and particularly at Eppelsheim, about 
twelve leagues south of Mayence, have thrown light on tta 
osteology of the original, which appears to have been lO) 
aquatic or amphibious animal of great size. The most e»' 
traordinary deviation from ordinary types consists in a ps^ 
of curved tusks, which are fixed in the lower jaw, and direct? 
ed downwards. From the structure of the anterior portioB 
of the cranium, and the disposition of the nasal fosate, it iX' 
supposed that the creature had a proboscis ; it poasessed nS 
incisor teeth with which to seize its food, and the jaws could 
not even close together in front ; the lower jaw is four featr 
in length. The tusks resemble those of the Walrus, and 

• For the dL9i:overy uf tlie skull af a Kein-deer in Lhe hIIuvIbI Iomd 
lilting up n»urea in the tertiary limestono at Binstead, lak orWighl, *M 
Oeology of tha IbIo of Wiglit, p. 73. 

t The Aurochs is a species of wild bull or bulTala. distinct from Ita 
oommon ox. The horns of the fosiil ox are lomftimea of enormiMii 
size : Mr. pBrkitiarin hnd h pair in nhich the l?n)^ of ench horn WM 
2 feet 7 inches. See also Owen'u Foss. Brit. Mnmmala ; and Fou. Brit. 
HuMum, p. 390. 

J Dtinoi, terrible J tluriim. r wild b»>ul. Fobh. Brit. Mua. p. 474. 
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wflrt probably weapons of defence. — This drawing {Lign. 
28), from a reHtoration by M. Kaup, an eminent GermaJi 




MturaliBt, to wbose researches we ^ul L..i.iily i^avLli-'J for 
the important discoTeriea at Eppelaheim, reprt'sents the aup- 
jwseii form of tlie original creature. It has been assumed 
that the Dinotheriutn was nearly related to the hippopota- 
iDUB,and formed a link between the cetacea and pachyderaiH ; 
l>ut it seems more probable that it was an herbivorous cetu- 
ceiD related to the Lumautins. 

36, Fossil cabnitoba in cavbbns.* — We have now 
'>riefly reviewed the extinct population of a remote period 
"t' our globe, — those enormous terrestrial mammnjia, the 
iQUBtodons, mammoths, &c., that lie buried in the alluvinl 
and superficial strata. We pass to the consideration of 
a phenomenon not less interesting— the occurrence of im- 
nieiue quantities of bones of many species of camivora in 
fiwures and cavems. In the fonner diaconrse I alluded to 
%\\« chasms which occur in certain limestone rocks, and de- 
"ribed the process by which their roofs, floors, and walls 



• Soe Petrifatti 



,d thsir TeochiTigs, p. 394. 
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become lined with stalactites and stalagmites (p. 77). Some 
of these hollows have evidently originated in the destruction 
of the softer portions of the rock bj the erosion of subter- 
ranean streams and rivers ; many are the result of .subsi- 
dences, and of the contraction of the material of which the 
strata are composed; others are so extensive, and present 
such decided marks of angular fracture, as to leave no doubt 
that they are rents produced by earthquakes. The occur- 
rence of bones of land-animals in such chasms might reason- 
ably be expected. 

The caves that admitted of easy access from without, and 
which contain large quantities of bones of but a few species 
of camivora, may for a while have been tenanted by species 
whotie habits lead them to retire into secret recesses ; and, 
if there were open fissures, kids, deer, &c. may have fallen 
in, and their bones have become enveloped in calcareous in- 
crustations. But the bones and teeth of herbivora and car- 
nivora that are promiscuously intermingled in loam and clay 
at the bottom of fissures and caves have evidently been 
drifted in, while the land was under water. 

37. Cave or Qatleneeuth. — For many centuries, cer- 
tain caverns in Q-ermany have been celebrated for their 
osseous treasures, particularly those in Franconia : * the most 
remarkable is that of Q-aylenreuth, which lies to the north- 
west of the village, on the left bank of the river Wiesent. 
The entrance {Lign. 29, «), which is about seven feet high, 
is in the face of a perpendicular rock, and leads to a series 
of chambers from fifteen to twenty feet high, and several 
hundred feet in extent, terminating in a deep chasm (5), 
which, however, has not escaped the ravages of visitors. 
This cavern is perfectly dark, and the icicles and pillars of 
stalactite, reflected by the torches which it is necessary to 

* See Medals of Creation, vol. ii. p. 820, for an interesting account of 
the Sophieuhohle, by M^or Willoughby Montagu. 
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use, preaent a highly pictures'que effect. The flour is litur. 
ally pavDil with hones and foaeil teeth ; and the pillars uud 
corbels of stalactite alao contain oHseouB remains. A de- 
scription of this cave was published by M. Eaper, in the 
middle of the last century ; at that period, the innermoBt 
receeses contained waggou-ioads of bones and teeth ; some 
imbedded in the rock, and others in the loose earth. The 
bones are in general scattered and broken, but not rolled ; 
they are lighter and less solid than recent bones, and are 
often incrusted with stalactite. 




Cavier, who examined a very large collection of bonea 
from Glayleureutb, determined that at least three-fourths of 
tihe osseous contents of the carems belonged to bears ; and 
the remaining portion to hyenas, tigers, wolves, foses, glut- 
tons, weaaels, and other small carnirora. Most of the bones 
which are referable to bears belong to two extinct epocieB. 



land, in his beautiful work, the SeliquiiB Diluoiame, notiwd 
several of the most impurtaut aesembkgce of this kind; d 




<Fq nr- nv*ion4't Salifl, ZhJuv.) 



these the cave of Kirkdale, in consequence of the highly in- . 
t«resting disquisition on its contents by Dr. Bucklnnd, u 
the most celebrated. 

In llie aummor of 1621, a deep fissure or chasm wa^ discorered neu 
Kitkdnle. about twenLy-Iive miles N.N.E. of York, in a. baak about wall 
feet abuvc llio level of a small vaJlej', and neu a public ruad. Some 
workmen, ■who ware quarrymj atone, cut bctohh the aarrovr moulh ot a 
chaam which had been clioked up with rubbish, and overgrown with 
gcBsa and bushes ; and which, from this cause, ua well as from its inaa- 
ceiaible situation, had hitherto escaped abservaliau. The entrance wu 
so small that a person could only enter in a bent position ; and the pass- 
age was ezoeedingly irregular in its dimenaiona, varying &om two to 
seven feet in breadth, and from two to fourteen feet in height, its greatest 
length being 245 feet. The care was divided into several smaller cavi- 
tiei, B-iich wore nearly closod by sparry concretions; these occurred 
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"here ihe roof was intsraected b; fiseures, and continued for a few feel, 
but were gradually lost id the superiucumbcnt limeatone ; they weie 
Uiickly lined with Btalaclilea. The true floor -was only Been near the en- 
trance, for in the interior the trhole wss coTered with a bed of hardened 
mud or clay, about a foot in averttge thiekncss. The surfnco was per- 
Tectly smooth and level vhen the caie was lirat ojiene^, except where 
BtalHgiuileB bad formed upon il by intiltralion from the roof. Where 
stalactitic matter incrusled the lides, It also extended over the bottom 
like a thin coal of ice, and therefore muBt have been deposited since the 
mud was iatrodnced. This mud or clay wbb filled with fraBmenlB of 
bones belonging to a great roriely of animnla ; and Boine of the bones en- 
liibiled marks of having been gnawed. From many eorroboralivo cir- 
ciimslaDces theae appearancea wereiupposed, by ihodiatinguiahcd author, 
to have been occasioned by hyenas. The bonea thus preyed upon belo^ig 
tt> the tiger, boar, wolf, fox, weasel, elephant, rhinoceros, hippopolamus, 
Iiorse, 01, and deer. Bones of a Bpeeies of hare or rabbit, wuiet-rat, and 
mouse, with fragments of ihc skeletons of ravens, pigeons, latka, and 
ducks, were imbedded with these remains. 

From these facta Dr. Biictland inferred that the care 
liad been inhobited by hyenna for a considerable period, and 
that maoy of the remains found there wore of speeies which 




hid been carried in and devoured by those animals, and that 
in some instances the hyenas preyed upon each other ; the 
gnawed portions of elephants' bones seem to show that oc- 
casionally the large niammalia also served ae food. It i& 
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probable that many of the smaller animals were drifted ii 
by currentB, or fell into the chaam, through fiasures noiri 
cloaed up by stalactieal incruBtatioaH. 

KENi'a Cave near Torquay in Devonshire, OreahBl| 
Cave near Plymouth, and Banwell Cave in the MeadipKill^l 
are well known for the abundance and variety of the fosal 
boaes imbedded in alluvial drift, with which tbey are port^j 
filled.* 

Of iheas caverns, the firat-nanied has been the moat prodacIiTa in 
jecta of interest ; piobubly from the diligent researcb canied on for m 
yearfl by several local collectors. I 

[ainedby tLe late Rev. J. MacEnery, of Torquay, is now in the Bril 
Museum. It eomprises skulls and bones of sU the species of a 
usually met with in such recesaea ; and alao the skull and teeth of 111 
Badger, Otter, Pole-Cat, Ermine, &c. Among llieae are a moat remarfcfl 
able canine tooth, six inches long, and an incisor, of a feline animdy 
Idjger than the Tiger IMachxrodua latidena) ; the edges of these teetfc'j 
are serrated, aud the canine is very like in form ttie tooth of the gceat/J 
StonesBeld reptile (the MegalDeaurus). The teeth of another speciMJ 
occur in the caves of Germany ; and a skull with teeth has been found xk\ 
Auvergne. This eilraardinary animal was originally named nrn»J^ 
caitridmt by Cuvier, nho supposed it to have been an extinct species of' 
Bear.t ' 

But this cave is invested wilk additional intereat on another accouni, 
which I will here briefly explain. The piiucipal fissure extends SOU fest 
in length, and there are several lesser lateral ones. The lower part of 
the cave ia hlled up to a thiuknesa of '211 feet with reddish sandy loam 
fiiU of fossil bones. Thia ia covered by a layer of staiagmite, from ons 
to four feet thick, which forma the floor of the cave. Upon this is % 
slight covering of earthy matter, with here and there patches of charcoal ; 
a few human bones and fragments of coarse ancient pottery have been 
observed. Upon breaking through the sparry floor the ossiferous earth il 

* In the south-east of England fossil bones of eleplianta, Ac. in Iba 
"drift ''are common; see Murchison's paper on the tlint-drift, Joum. 
Geol. Sac. vol. lii. A fisauie in the Kentish Rag at Boughton Malherbe, 
near Maidstone, contained the jaw and some bones of a hyena, which ore 
now in the Museum at Oxford ; Mag. Nat. Hist. vol. ix. p. 593. 

f See British Fossil Mammalia, p. 174. 
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apoMd; and, minided leilA the foatU bomi, Bereral flint-kniTi 
■"ow- and spear-heads of dial 1i»vb bean discovered. Thaae Btc 
"niitieau lire of the eame kind us Oiose found in the tumuli uf Ihe ead; 
firitiah Iribei, and unquestionably belong to (he same period. Tbia faot 
''u girea ri&e to much cutious apEculalion, but Ibe arguments I Bhtll' 
presently bring foiwatd, vhen speaking of a similar collocBtiDa of workkj 
of art and human bones with those of the estinct caYera-animala, will, I 
'^"(tceire, show that Ihe da.lB luthettD obtained do not warrant the infei- 
^"Ce Ihat these relica were contemporary. Kent's Hole, Banwell Ca»9, 
**IA all the osBiferous csres I liB'c examined in England, appear to har* 
••oen mere rents or fisanrea in limes lone-rocks, which were filled wili i 
**lft, while submerged in shallow waler ; and the carcasses of land-animali I 
**>«/ haie been fioated in by the subaqueous currents. Aa Iho bonoi ' 
^cugh broken, are rarely water-worn, and the fragments even letalii 1 
^eir sharp edges, the bones must have been mure or less protected by 
5*>liscie» and skin : the extreme freshness of many of them (especially 
***. Banwell Cave) supports Ibis opinion. Upon the elevalion of the land, 
'-'kese lissures were raised above the water, and gradually drained, during 
^*"!uch period the fortnation or atalactilo commenced from Ibo percolaliMl , 
'^f water through the superincumbent beds of limeslono. When Kent'i , 
^^TC waa accessible, and before the fonnatiDn of the floor of stalagmite, < 
*«mB of the wandering tribes of the early Britons may have prowled into i 
^-Iie recess, or occasionally sought shelter there ; and stone imptemenU, 
V»onBs, or any hard subalances, left in the cave, would soon sink a few 
*«et in Ihe soil ossiferous mud, and become hermetically sealed up, as it 
~^eie, by the slalagmilic deposit. 

From what has been stated, we leam that our wastes and 
^orestB were once inhabited by extinct herbivora and cami- 
■^ora, belonging to genera of whic;h the recent species are al- 
3nost entirely restricted to southern climates ; that some of 
the caves were tenanted by successive generations of bears, 
wolves, &c. ; that the hyenas, according to their peculiar 
habits, dragged into their dens the creatures which they 
killed or found dead, and devoured them at their leisure ; — 
that subsequently all these races were annihilated, except 
the few allied species which atill inhabit the European con- 
tinent and islands. In England, the only living representa- 
V%re8 of the three fanubea of caniivora which s 
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tbese latitudes during the Mammoth period, are the Unt, of 
the dog tribe ; the Wild Catf of the feline order; and the 
Badger^ of the bear tribe.* 

40. DiSSABSD B0VX8 OV OABITIYOBA FOUHI) HT OATBCL— 

Among the bones found in the caves of G^ermanj are was} 
in a condition which must have resulted from accident or 
disease. In some there has been a formation of new Ixmy 
matter to repair fractures ; in others there is anchylosis, or 
adhesion of the joints frorn^ inflammation ; while in some tiie 
effects of caries, or decay of the bones, the result of tedious 
and painful diseases, are apparent. Others have a light and 
spongy character, and are very fragile, which must have 
arisen from a want of energy in the nutritive system, in 
consequence of a scrofulous affection.t 

41. HVMAir BONIS AlTD WOBKS OF ABT TS OAYBBITS. — 

Not only in the caverns of England, but also in those of 
France and Germany, human bones and fragments of ancient 
pottery have been found. As mankind in an uncivilized 
state commonly inhabit caves, traces of their having occu- 
pied recesses, which had previously been the retreat of wild 
animals, might be expected. But as bones of extinct species 
occurred with these relics of man, it was assumed that they 
were coeval with each other; more accurate observations 
have, however, rendered it probable that the human remains 
were introduced at a later period. We have historical 
proof that the early inhabitants of Europe often resided or 
sought shelter in caves. Thus Plorus records, that CsBsar 
ordered the inhabitants of Aquitania to be enclosed and suf- 
focated in the caverns to which they had fled for safety.J 
Many tribes of the Celtic race occupied these subterranean 

* British Fossil Mammalia. 

t Professor Walther, on the antiquity of diseases of bones ; see Pro- 
fessor Jameson's Cuvier*s Theory of the Earth. Edin. 1827. 
/ A horrible and atrocious ciuelty, ^hich the French, of the nine- 
teenth contury, have not scrupled U> ^er^\x^\A Vxl K\^f\»^\ 
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^^^L 'fi'reBtB, not only na a refuge in time of war, but fvlao forJ 
^^^L ihelter &om cold, and aa magazines for tbeir com oadforj 
^^H tiie produce of the chase, and as places of concealment fori! 
^^F the aniniftla they had domesticated. The boaea of such of | 
t^f "lese people aa periahed, or were buried in the caverna, 
-. "'ould become blended with the mud, gravel, and debris of 

^ '^(leaniuiala already entombed ; and a stalagmitic paste might 

■ 'Q aome places be formed by the infiltration of water, as at i 

■ ^iie, and cement the whole into a solid aggregate. In con- i 
I '^tionary masses of stone of this kind, containing bones of I 
' 'oe bear and other extinct Bpecies, human bones, fragments 

'^T pottery, terrestriaJ ahelb, and bones of animals of modern J 
^imea may therefore be assoeiateil.* Such are the contents , 

*^T numerous caves, and this explanation shows how they may | 

**ave been accumulated. t 

42. OasEOUs breccia, ok j 

^Wta we shall next examine a 

"than those already described ; fi 

*»nbedded in grave! or lay 

tmt occur in fissures f lun 1 



Viundred leagues, and n 
^iacb other. The lime t n 
^ubstanee in which the 1 

• Memoir by M. Demoy 
t The femur of the Bear ia 
*eadily mistaken, wilhc 



aHE-COSG LOME KATE, — The 

■e even more extraordinary I 
r the fossil remains are not . 
lie ted together in caves, 
I of many 



and lands very remote from 

I nt but little variety, the 

are n eloped is everywhere 



like the hiimim thigh-bone, as to bi 
on ; see Prof. Owen, British Mam. 
p. 96 ; in whidi (be distinctire charnctera of eath are pointed out 
Within the last tew years human teeth and some human skulla ban 
Iteen reported to hare been found associated with elephantine remains ii 
the gravel of the Swabian Alps ; and remains of pottery, 4c. have bea 
recorded oa having been found with bones of Hippopolmnus and Mam' 
moth in tha'Aira Valley, near Leeds; there are other evidences, of men 
or leu valtie. tending to indicate the contemporaneity of maa with somi 
of the extinct Mammalia, and to establish n somewhat more n 
for his Introduction upon the Earth thaji has hitherto been a 
him. Btill this greater antiquity, if established, would nut r 
homan race beyond the limits of the newer Pliocene period. 
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the same, and the bones belong-, with few eiceptions, to 
similar species of ftnimals. The rocks in which tbej ottnit 
have been shattered in every direction, and the flaauTee are 
filled, more or leas completely, with what geologists tt 
osseous or bone breccia; that is, an aggregation of booe* 
held together by a calcareous cement or paste, in the 
manner as the conglomerated shingle near Brighton (p. 79); 
or, to exemplify its nature by a still more familiar iU.UBtn> J 
tton, the mixture of mortar, pebbles, &c. which is employeil 
in masonry, and called concrete. 

This cement is of a reddish brown colour, and much rfr 
sembles common brick, while the bones are beautilully white, 
and in many instances have their cavities lined with spsT. 
In some examples the bonea have undergone but httle 
change ; in others, the cells of the cancellated structure ire 
filled with calcareous matter. The specimen before w 
(Lijn. 32) is from Gibraltar, and contains two teeth anil 
fragments of bone of a ruminant. The breccia in which the 
teeth are imbedded is now a compact limestone ; it is of > 




dull red colour, mottled with white, and susceptible of a goo9 
polish. This osseous breccia occurs on the northern shores^ 



of the Mediterranean ; in the rock of Gibraltar ; at Cette, 
Nice, and Autibea; in Dalmatia, and in the ieles of Cerigo, 
Corsica, &c. ; and in Sicily, Sardinia, and many parts of Ger- 
many. Eauh of these localities presents highly interesting 
.examples of the objects of our present inquiry. 

43. The rock of G-ibraltak. — As the rock of Gibraltar, 
go well known from its historical and political importance, 
affords a good illuatration of the phenomena under review, I 
shall, for the sake of brevity, confme ray obaervationB to that 
celebrated spot. Gibraltar is situated on the Spanish side 
of the Mediterranean, being united to the mainland by a 
narrow iathmua, which is a mere bank of consolidated sand, 
about three-fourths of a mile broad, and only eight or ten 
feet above the level of the sea. The rock stands on the 
weatem extremity of the area in which the oeseotis breccia 
occurs, and its greatest altitude is about 1350 feet. It is 
in great part composed of strata of compact, bluish-grey mar- ■ 
ble, of the oolitic period, and which, like most estenHive lime- 
stone masses, is cavernous. The principal cavern, called St. 
Michael's, contains stalagmitee and stalactites, which when 
polished are of great beauty. The fissures intersecting the 
rock, as well as those in some of the caves, are partially filled 
up with a calcareous concretion, of a reddish-brown colour, 
which in some parts is a mere earthy mass, but in others is 
highly indurated. The bones are commonly in a broken 
sta.te, and but seldom water-worn ; and the fragments of 
limestone with which the fissures aboimd are also angular, 
and have evidently, like the bones, fallen into the crevices at 
different periods, and been gradually incrusted and conglo- 
merated by calcareous infiltrations. Snails and other land- 
shells of the existing species of the country often occur im- 
pacted in the solid breccia; and as tlie stalactitic concretion 
ia constantly going on, some masses contain recent terres- 
trial shells unmixed with bones. 

The cementing material is very Bimilar Ui fee, &ffiat«.\&i 
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localities where the breccia has been observed; namely) it 
Cette, Nice,* Antibes, &c.y in Dalmatia and flaHinia. !Di0 
animal remains of the breccia are referable to several spedtff 
som6 of which are recent, and others probably extbust, of 
deer, antelope, rabbit, rat, mouse, &c. Bopes of birds voi, 
of lizards have been discovered at Cette ; and of lemmingB,! 
and of the lagmnyt^X which now only eiists in Siberia: ifc is 
but rarely that traces of camivora are observedl 

No one can fail being struck with surprise at the occii> 
rence of these isolated yet analogous phenomena^ which 
surround the great basin of the Mediterranean ; rocks of a 
uniform character, fissured and broken, their rents filled up 
vfdth similar materials, and with the remains of the same 
species of animals. The occurrence of species either eitinct> 
or no longer inhabiting the same latitudes (as the Xfl^mnyt), 
refers the period of the existence of these animals to the 
epoch of the mammoths and mastodons ; and the absence of 
marine remains, and of the usual abrading effects of water, 
shows that the breccia was formed on dry land, and not be- 
neath the sea. The rational explanation of these facts ap- 
pears to be that which assumes the original union of these 
distant rocks and islands into a continent, or large island, 
that, like Calabria, was subject to repeated visitations of 
earthquakes ; and that the animals which inhabited the 
country fell into the fissures thus produced, and were pre- 
served by the calcareous infiltrations that were constantly 
in progress. Subsequent convulsions and denuding agencies 
severed the country into rocks and insular masses, of which 
catastrophes the osseous conglomerates are the physical and 
only records. 

* ,See an interesting memoir on the Geology of the Environs of Nice, 
by Sir H. De la Beche : Geol. Trans. 2nd Ser. vol. iii. p. 171. 
f Lapland marmot. 

J SigDify'mg hare-rat ; a small animal which forms a link between the 
Jmi9 and the mt. 



44. OssEOtra bekccij. of Attstralia. — Cavea and fis- 
sures filled with oBseouB breccia, of the same nature aa that 
above described, have also been discovered in New Holland, 
••o the westward of Sydney, near the banks of the Macquar- 
rie river; and it is not a little remarkable, that even the 
fed ochreoua colour of the European conglomerates prevails ; 
tie bonea, however, belong to animals wholly distinct from 
aoy noticed in the preceding examples. Some of them are 
of living, others of eitinct species, but almost ail are refer- 
able to marsupial animals, as the Kangaroo, Wombat, Daayu- 
nts, Ac. A portion of a large bone, found in a cave, is said 
to belong to the hippopotamus, and another fragment ti 
mastodon, but this requires confirmation ; it is, however, a 
subject worthy of attention, since the kangaroo is the largest 
animal now known in those regions. The fact that the fossil 
mammals hitherto discovered in Australia are marsupial, that 
is, are of the same class as those which carry their young in 
a pouch — a type of organization which is the peculiar fea- 
ture of the eiisting Australian fetma — is of great interest, 
for it proves that the present zoological charact«r of the 
country has prevailed from a very remote period. 

45. Kethospect. — 1 must now bring to a close this sur- 
vey of the ancient superficial deposits — those accumulationa 
of alluvial debris which, taken as a whole, are referable to a 
far more remote period than those which strictly belong to 
the human epoch ; although the ancient pass by insensible 
gradations into those of comparatively recent origin. 

In the former discourse I found it necessary to refer to 
the discoveriea of AHtronoray, to elucidate the earliest phy- 
sical conditions of our planet -, in the present I have sum- 
moned Comparative Anatomy to our aid, and have endea- 
voured to point out the mode of induction pursued by 
the paleontologist in his inquiries into the fossil remains of 
animal organization, and by which he is enabled to call forth 
from their rocky sepulchres the \ 
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like the fabled sorcerer, give form and animation to the in 
habitants of the tomb. 

From the facta that have been reviewed in the coarse of 
this Leeture, the following inferences result. 

First — that the eitinetioo of certain forms of animal oi 
ganization haa extended throughout the period compre- 
hended in our present researches. We have traced its in- 
fluence from the partial extirpation of certain leiiating forms, 
to the entire annihUation of many species and genera that 
once were contemporary with mam ; as well as to those 
which lived, and became extinct, antecedent to all traces o: 
the human race. 

Secondly — that, while in the modem marine and fluviatile 
deposits the remains of existing species of animals, and of 
man and his works, are entombed, in the aneieot alluvial 
sediments those of large extinct mammalia are chiefly im- 
bedded, and no vestiges of human remains have been dis- 
covered. 

Thirdly — that the bonea principally belong to extinct 
mammalia, related to the elephant, hippopotamus, slotli. 
horse, deer, &c. ; and to the bear, hyena, tiger, and other 
camivora ; and with these are associated the remains of re- 
cent species. 

Fburthly — that in the period immediately antecedent to 
the present state of the earth's surface, the dry land teemed 
with large berbivorous animals, which roamed through the 
primeval forests, unmolested, save by beasts of prey. Nu- 
merous species and entire genera have since been swept 
away from the face of the earth, — some by physical revoltt^ 
tioos, others by a gradual decadence, — while many hayft 
been exterminated by n 

Laatlij — that the various deposits in which the«e fossil* 
are imbedded, whether formed in the beds of lakes, riyers. Of 
eBtuaries, have been elevated above the level of the wat^V 
and become dry land at a coto^aiatw^i^ twetA. ^sm^A^Mal 
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noit coDBtitute fertile countries, supporting buaj comiQuui- 
ties of the huraau race. 



I hare thus eudeavoured to interpret one chapter in the 
ucieat physical history of our planet, and eiplain the re- 
wda of one epoch in geological chronology. We have 
Hitwed upon the confines of the past, and already we find 
ourtelvea surrounded by an innumerahle population of un- 
known typea of being, — not ns dim and shatlowy phantoms 
of the imagination, but in aU the reality of form and stmc- 
tine,and bearing the impress of the mighty changes of which 
tiiey constitute the imperishable memorials. We have wit- 
MBwd the effects of repeated changes in the relative level of 
the land and water, — have seen that our present plains and 
'alleys were submerged beneath the ocean, at a period when 
Urge mammalia, apparently unrestricted by existing geogra- 
phical limits, were inhabitants of regions which are now no 
more— and we have obtained additional proof that — 

New worlds are still emerginj from Ihe deep, 
Tlie old di Bcending in Iheir turn lo rise ! 

Even in this eariy stage of our progress, we have conclu- 
"i'e evidence of the estinction of whole tribes of animals, 
slike admirably adapted to the conditions in which they were 
placed, as the races which have survived. Aoid it is most 
Sratifying to the geologist to find, that this fact, which but 
s few years since was received with hesitation by most, and 
Mndemned and rejected hj many, is now adduced by the 
fopaliBt and divine, as affording new and striking proof of 
'te wisdom and overruling providence of the Eternal.* 

■ KeB Dr. Biitklnnd'B Bridgewnter Essay. 
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1. Intboductokt. — Although it is my object in th«9 
Lectures to preeeat u geaeral view of the pbiloaophj' w 
Qeology, and reuder the examination of geological pheno- 
mena subservient to au eipoaition of the laws which tie 
Divine Author of all things has established for the reno- 
vation, maintenance, and government of the organic and 
inorganic kingdoms of Nature, I must enter somewhat in 
detail on the nature and difltributlon of tlie materials of 
which the crust of the earth is composed. For based « 
Geology is upon observationa of the various physical changes 
which are now taking place on the surface of our globe, aini 
on investigations of the natural records of similar changea in 
periods antecedent to all human history and traditiou, tbe 
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'oiuerala and foasUa are the alphabet, the rocks and moun- 
**ma the Tolvime, by whicli the student of thia interesting 
Qepartment of scisnce must lenm its importaat lesaoa. But 
to those who cannot examine Mature in her aecret receeaeB, 
op accompany an esperienced teacher to the vaJleya or the 
niomitain-tops, lectures illustrated by specimens and draw- 
iQgfi afford, perhaps, the best substitute for the more effid- 
eat and iutereating mode of instruction. 

That we may obtain a clear and comprehensive view of 
the vast field of inquiry that lies before us, artificial chisei- 
fications are necessary in thLe, as in other departments of 
Bcience ; and, without aesmiting that the arrangement id 
which the various deposits are grouped by modem geologists 
may not require considerable modification as new facts are 
brought to light, I will place before jou a tabular view of 
the formation», or systems of deposits, in their presumed 
chronological order. At the same time it must be home ia 
mind, that all arrangements of this kind necessarily involve 
arbitrary distinctions ; and that it may possibly hereafter 
appear, that we have in some instances classed as general 
what are but local phenomena, and have grouped together 
in one system strata which further investigations may shovr 
to be distinct formations, separated from each other by vast 
periods of time. It must too be admitted, that there are 
not in nature those strict lines of demarcation between one 
nyetem of strata and another, which, for the convenience of 
study, have been adopted. For, though the limits of cer- 
tain formations may be clearly defined in one region, in 
other and distant countries there may be an insensible pas- 
sage fi^m one system to the other. In short, both in the 
organic and inorganic kingdoms of nature, in proportion as 
our knowledge is increased, and our views enlarged, the 
harraouy and unity of nature become more and more mani- 
fest i the apparent breaks in the chain of ea.«.SB.tvott. >«i^ 
only in our imperfect conceptions. Ttese tonwift^'^'a'sa* 
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will not, however, affect those leading principles of G^logj 
which it is mj present endeavour to render fi^miliftr to ti^ 
intelligent but unscientific inquirer. 

In pursuance of this object we will first take a general 
view of the nature of the mineral substances which enter 
into the composition of the crust of the earth, and briefly 
notice the laws which regulate the deposition of sediment- 
ary detritus in the beds of rivers and in the depths of the 
ocean. 

2. MimsBAii coMFOSiTiON OF BOCKS. — ^Everj substance 
is composed of atoms of inconceivable minuteness, held to- 
gether by a principle termed attraction or cohesion, and 
which is probably a modification of that influence which, as 
it exists under certain conditions in inorganic substances, is 
called electricity, galvanism, or magnetism, and, in organ- 
ized beings, nervous influence.* The different states of 
solidity, fluidity, and vapour, in which every material body 
may exist, were exemplifled in a former lecture, and we 
need only remark, that of the substances which in the pre- 
seut state of chemical knowledge are considered simple or 
elementary, about sixteen constitute, in their various com- 
binations, by far the largest amount of all organic and inor- 
gauic matter. Of these, eight are non-metallic ; viz. oxygen, 
hydrogen^ nitrogen, carbon, sulphur, chlorine, fluorine, and 
phosphorus ; the first four are almost always found in com- 
bination. Oxygen constitutes one-fifth part of the atmos- 
phere, and eight-ninths in weight of water, and a larjge 
proportion of every kind of rock. Hydrogen makes up the 
remaining portion of water ; and Nitrogen four-fifths of the 
atmosphere. Carbon is the chief constituent of animal and 
vegetable structures, and is only foimd pure in the dia- 
mond. 

• See a masterly ** Essay on the Correlation of Physical Forces," by 
W. B. Grove, Esq. F.R.S, London, V%A&. 



* 3. CHYSTALLUATION. ^^^ 

There are alao eii metallic basen of alknlies and eartba ; 
*»ainely, silicon, which, when united with an equivalent of 
**Xjgen, forms quartz, or flint, the basis of nearly half the 
i^Ocka that compose the crust of the eajth ; aluminium, potat- 
*i*i», todium, inaffnetium, and nalcium ; and two, the oxides j 
<*f vhich are neither earths nor alkalies, namely, iron and 
*n^ffanese. The principal remaining metallic substances, 
*ia. copper, lead, x'mc, araenie, eilver, gold, &c. are compara- 
*i-vely unimportant in a geological point of view. 

The sedimentary rocks are in a great measure, composed 
either of lime, silex, or argillaceous earth ; and accordingly 
Ha these substances predominate, the masses possesa what 
l»a mineralogical language is recognised as a pecuhar fratture, 
■**luch is distinct in each. Thus, if I take this piece of flint 
and break it at random, it presents a glassy or eonehoidal frac- 
ture, and every fragment has a sharp cutting edge ; and sub- 
^vide it as I may, each portion retains the same character : 
l>ut if I break this block of chalk, the edge is not sharp, but 
blunt and dull, exhibiting what is termed an earthy fracture. 
-Agaiu, if I shiver to pieces by a blow of a hammer this 
<;alcareous spar, every fragment partakes, more or leas dis- 
tinctly, of a rhomboidal form ; so true is the remark, that 
've cannot break a stone but in nature's joinings. Slaty 
cleavage will be described in the sequel. 

3. Ckistallization. — Crystallization may be defined as 
B methodical arrangement of the particles of matter accord- 
ing to fixed laws.* For example, there are nearly 500 va- 
Tieliea of crystallized carbonate of lime, each crystal being 
composed of millions of atoms of the same compound sub- 
stances, and having one invariable primary form — that of a 
rhomboid. Mechanical division is incapable of altering this 
arrangement ; break the fragments as we may, we can only 

* The deBnile or ii]&ihemaiti<:a] proportiona in which auhstancea unite, 
lUi ai to weight mid volume, is a subject of the highest iuttrcbt, but 
wkich dues tiol come within Ihe scope of the pieaenl. uii^H^ - 
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Beparate them into a rhomboidal figure; nor can this condi- 
tion be altered except by chemicai deconiposition. If we 
pursue the inveetigation, we fijid by analysis that every atom 
of thene crystals cooBiBts of lime aad carbonic acid, eai:li of 
which is made up of innumerable moteculea. " Lime and 
carbomc acid are also themselves compounds, lime conaiet- 
ing of a metal called calctiun and oxygen ; and carbonic 
acid, of carbon and oxygen. Thus these ultimate particles 
of calcium, carbon, and oxygeu form the indivisible atoms 
into which all the secondary crystals of lime may be re- 

4. Stbatipi CATION. — Having previously shown that the 
disintegration and solution -of the most reirautory and ap- 
parently indestructible substances may take place Srom the 
conjoined effects of mechanical and chemical agency, we 
proceed to the consideration of the nmnner in whicbthe 
debris of the ancient lands- and the accumulations in thf 
seas have been converted into the rocks and strata that form 
the existing islands and continents. The formation of beach 
and sand, and the deposition of mud and clay in layers or 
strata, and the subsequent consolidation of these materii^ 
into rocks, have already been explained. And here let me re- 
mind yoQ, that «(rato are suecessive layers of detritus spread 
over each other in such manner as to allow of the partial con- 
solidation of one bed before the deposition of another upon 
it ; and a rock is said to be stratified when it presents the 
appearance of such divisions. Chalk-cliffs and sandstone and 
limestone quarries afford illustrations of this structure. The 
original direction of these layers must have been nearly hori- 
zontal, for this obvious reason, that in tbeir original state ofi 
unconsolidated mud or sani they must have been more 
less uniformly spread over the sea-bottom on which the wat 
deposited them ; and, although they might partake of 

■ Dr. Buckland's Bnis^B.'.B^ S.iai-i- 
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inequalities of the depreaaioiiB in which they were deposited, 
yet this cauee would not affect their general diatribution. 
The strata when accumulated in yery thin layers, resemhliog 
the seamB formed by the leaves of a closed book, are termed 
lamiiuE ; a character that comtnonly prevails in fluviatile or 
river deposits ; thus the shales, days, and sandstones of 
Tilgate Forest are laminated, and often bear the impress of 
the waves which have flowed over tbcm (see p. (51). 

The contemporaneous beds formed in the same oceanic 
basin, though often maintaining a general character over 
yery extensive areas, must nevertheless vary considerably. 
At the present moment, the rivers flowing from different 
latitudes into the existing seas must necessarily be pro- 
ducing in the same marine basin accumulations of a very 
dissimilar character ; and the distribution of the detritus 
must be greatly modified by the agency of those powerful 
currents to which alliiaion has already been made (p. 70). 
These elements of variation in the deposits tbat may be 
formed contemporaneously within the same ocean-bed serve 
to explain the origin of similar i3iaerepanciea in the contents 
of the ancient seas. Thus the same system or formation 
may consist of strata containing esclusively marine shells, 
corals, fishes, Ac, intercalated with jayera of clays and sands 
abounding in lacustrine shells and plants and the remains 
of terrestrial animals and vegetables : the former being strict- 
ly oi marine, and the latter ot Jl-uvio-nuirine origin ; in other 
vrords, consisting of deposits brought into the sea by river- 
currents loaded with the detritus of the land. 

The oolitic system of Yorkshire affords examples of these 
alternations of marine and fluvio-marine strata. 

5. Displaced stbata. — But, altliough the Hedimentary 
strata have originally been deposited in horizontal layers, 
this arrangement has subsequently been disturbed by ex- 
pansive internal forces, which hjive occasioned the elevation 
of some areas and the depression of otKeis-, stai Vswwi '^t ' 
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strata have often been broken up, and thrown into erery 
direction, firom a slight degree of inclination, to a vertaad 
position. 

It will therefore be requisite in this place to eiplsin a 
few scientific terms which are frequently emplojred to ex- 
press these phenomena ; for, though it is my wish to abitain 
as much as possible firom technical language, it cannot in all 
cases be avoided without incurring inconyenient circiimlo- 
cution. Parallel layers of strata, placed horisontally upon 
each other, as a, 5, e, J, in the annexed diagram {Li^ 83), 
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lAiiS. aa.— ILLUSTRATIVE OF 8TRATIT1CATION. 

a, h, r, d, Horizontal strata in a conformable position with rcupect to each other, resting nn- 

conformably on the inclined strata, 1, 2, 3, 4. 

1. 2, 3, 4. Strata in an inclined position, and serered and displaced bj a fkult,/. 



are said to be conformable; but when strata are superim- 
posed on others which lie in a different direction, as the 
series a, h, <?, d, on the beds 1, 2, 3, 4, — as if a set of hori- 
zontal volumes were placed flat on the inclined edges of 
another series of books, — ^they are termed unconformable. 

6. Veins and faults But the strata have not only 

suffered change of position, they have also been rent and 
*^^ken, and are traversed by cracks or fissures, which in 
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inBtaneea are filled with bones, pebbles, aad stalacti- 
ticsl concretions (p. 77), and in others with mineral iiiatf«r 
Md Teins of metalliferouB oree. Tlie term Jhult is applied 
to those fracturea and diaplaeements which are accompanied 
Tith the subsidence of one part of a mass and the elevation 
of another. Tliia is exemplified in the section of the carbo- 
niferous strata represented in J/igti. 33, in which the seams 
of coal and other beds (1, 2, 3, 4) have been shiftfld to a higher 
Hel on the left hand, though both sides of the roct remain 
in apposition; f. marts the line of fault. Strata, in fact, 
"•ay be compared with the layers of masonry in a building; 
iieiiH of cloy representing the mortar, and those of harder 
'Ocks the courses of brick or stone ; while the fissureH, veins, 
Slid faults are analogous to the cracks, sinkings, and dis- 
placements produced by the settling of difl'erent portions of 
the edifice after its erection. 

7. Chbobolooical akbahqimeht of the strata. — In 
the alluvial beds of gravel, aand, and mar!, containing the 
'^niains of the large herbivorous mammalia, which formed 
the principd subject of the previous discourse, but few in- 
gestions of regular stratification are observable ; the depo- 
sits for the most part consisting of materials that have been 
transported by rivers or currents, or drifted by icebergs, 
*lid accumulated in estuaries and bays, or spread along the 
^hallows . of sea-coasts. The vast aeries of ancient deposits 
'"'e are about to esamine are on the contraiy composed of 
^gularly stratified rocks, with occasional interspersions 
of fluviatile and allnvcal debris, and intrusions of volcanic 
"iiatter. 

It is necessary to premise, that there are three elements 
of classification applicable to stratified rocks ; namely, Ist, 
their minerals tructure ; 2ndly, their order of superposition ; 
*t»d 3rdly, the nature of the organic remains which they 
Contain : the following arrangement is in accordance vrith 
^hese principles. The terms by which the formations and 



their Bubdivisions are designated generally exprees the pr< 
dominant characters by which they are distinguished. 
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( Comrnfncing with the appermott or neaest dcposiU.) 

JFnsaflifrians Strata. 



The Pobt-tbrtiaet. — AJluvinl occumiilationB i-^ 
rivers, lakes, and seas during recent times ; together wit^" 
the products of contemporaneous volcanic eruptions. Th:^*-* 
serioa ia divisible into t^vo groupa, chronologically distinct^ ' 
1. the latest, termed the Mumaji or Modem, compriBin .^ 
superficial deposits, characterized by the remains of ma::^* 
and his works, and of animals and plants contemporaneoa -^ 
with the human race ; 2. (the Pre-historic) similar deposit-^* 
formed immediately before the introduction of man uporc:^ 
the earth, and containing remains of ahell-fish and othe^* 
animals of still existing species, together with some that ar^^ 
now altogether extinct, and others that are no longer founi^^ 
alive in the localities where their remains occur. 

II. The Tbbtiaet Epoch. — An extensive series, com- — 
prising many isolated groups of marine, flu vio- marine, and^S 
lacustrine deposits, containing remains of animala and ve— — 
getables of all the existing orders and families, and of many " 
of the existing genera and species; and with these are aa— -^ 
Bociated numerous extinct species and genera of mammalia^J 
reptiles, fishes, molluscs, Ac. 1 

Obaervaiiont — This epoch ia divisible into three periods, the Lttter, 
Middle, and Enrlier Tertiary ; to tlie Later Tertiary belong those fre- 
quently Huperficial accuraiilalions of loam, cky, drifted griTel, sand, and 

* For tlie latest and beat Ubular view of the fosailireroua alrala, Iho 
Student must consult Lyell'i .Manual, 1855, p, 1U5. 
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bouldera, in wMch with shells and bones oF existing speciFB of BjiimaU 
uB BBHOcialed those of the Mammoth. Giguntiu Deer, and other extirpated 
genera; together with Ihc bone-breccias and caie-deposiis containing ig' 
nuina of extinct mammalia. The line of demarcation between the aioHt 
ancient beds of this, and the most modern of the preceding epoch, cannot 
be strictly deHiied; oiid the separutiuu uau only be regarded as conven- 
tional : nor can the madem epoch be very deUnilely divided from tlie 
latest tertiary. In Europe, the elevation of the Alps appears lo have 
been the grand phyaiual event which marked the close of the tertiary 
period; for in all deposits of later age existing species haie been met with. 
The formatinna of the two earlier dlviaiona of this epoch are assem- 
blages of marine, fluvio-marinc, and lacustrine strata, either isolated or 
alternating, and occupying extensive 1iut defined areas. These beds con- 
siat of detritus accumalatcd during long periods in bays, gulls, deltim, and 
lakes, and in the depths of the ocean. Intrusions of litva-currents, scoriffi, 
and other Tolcanic products occur in many of the tertiary formations. 
The zoological character of this epoch is the provulcnoe of terrestrial 



III. The Seoohdabt Epoch. — An immenBe seriea of 
marine strata, with intercalations of fluTio-marine deposits, 
and at least one estenBiTe delta The moat striking zoolo- 
gical characterB of thia epoch are the rare occurrence of 
warm-blooded animab, and the abundance of terrestrial and 
aquatic reptiles. The aggregate thickness of the strata is 
many thousand feet. The following are the principal Bob- 
divisions of the formations compnied in this rlass. 

(1.) TflE CBETACEOUB {or Chalk) FOBMATioif. — Marine 
strata, with but few intersperBions of terrestrial or fluviatile 
debris. In England, the soft white Umestone termed "Chalk " 
forms the upper strata ; maris and clays, the media! ; and 
clays, Bands, sandatonea, and some HmestoneH, the lower por- 
tion of the series. The strata abound in the remains of ex- 
tinct species of zoophytes, mollus(\a, cchinoderms, fishes, and 
reptiles. Drifted wood and some marine plants are, with 
but few exceptions, the only vegetable eiuvite found in thia 
series in England ; but at Aii -la-Chapelle and elsewhere re- 
mains of }aod-plauza are numeroufl. 
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Obiervations, — The strata comprehended in the term Cretaeeaiu Form- 
ation, though difTcring esientially in their lithological constituents, so &r 
corrcHpond in the nature of their organic remains, as to proTe that the 
whole were formed under the same general conditions; in other words, 
that the sea and land, and their inhabitants, underwent no essential 
chnnf^ during the vast periods in which these deposits were accumulated; 
the entire series therefore constitutes, in geological language, but one 
formation. With but a very few exceptions, no vestiges of existing spe- 
cies of animals have been detected. 

(2.) The Wealden aj^d Pubbeck roBMATiON. — A se- 
ries of fluviatile deposits of great thickness and extent, witb 
scarcely any interpolations of marine detritus. The litho- 
logical characters are alternations of clays, limestones, sands, 
and sandstones, many of them rich with freshwater shells 
and crustaceans. Tlie organic remains peculiar to this form- 
ation are some small mammalia, abundant remains of enor- 
mous land and aquatic reptiles, river-shells, and minute 
ontouiostraoa : also insects, coniferous trees, cvcadeoiis 
plants, forns. and otlior t.^rrestrial vegetables. 

Ohfrrrafions. — This remarkable series presents the most unequivocal 
example of an ancient delia. or assemblace of fluviatile and estuarine de- 
posits, hitherto observoil. The strata exhibit throughout the character of 
rvver-iietritus. that lias been aecumulaied cither in a vast inland lake, 
wh;oh reoeivtvl the ilrainaire of an extensive country, and bad but a re- 
striiteii oo".r.niur.ioa;ion with the ocean, or in the laroons of a great 
ri^cr-vie'it;i. The \Vea".»:e:i extends over the whole of the south-east of 
Kr.ir'and ar.d a proa: par: of the rorth of Germany. 

(.'Vi T\iT. .lUKASSio or OOLITIC roBMJLTioy. — A formation 
of croa: ihioknos^ and oxtoni. consisting of several groups of 
r-iarino liino>tonc^ and olavs. vrhioh abound in eirinet marine 
<>.t'".'s. oor&ls, tvhinoderms. orust^wariS. f.she*. and reptiles : 
vf-;^:-. ;v4t*"^r."Alations of fluvi>m.^nTie srrata. in which are re- 
ni.viv.s ivf i-rrrostrial ropr/.i^fs in soot Sv. and plants, and offeree 
ornr^a rr"^ pmaH eTfinri mnmw.r.ria. Biv^s of coal and liemite. 
<>/*A^ns7.:oniblo ex:om^ occv.t ;n 5»ome T^rr* of tlie srstem. 
( #. ) Th E 1A AS. — M arit^o c.»Siy§^ ^?^\«^ x^i^i'ttsv^^o^-es, full 
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of (heUs, crdnoidea, cruatftceana, fishes, and estinct reptiles ; 
with fluvio-mariue beda, containing inaecta, minute cmata- 
cemB, lignite, trunks and leaves of coniferoua treea, and cy- 
cadeoua plants. 

OiuTBatioHa.— The OoHle and Lib*, though conronipnlly dislinpiished 
I7 certain species of ehells. &c., must be reg;arded as but one naluml 
•ones or group of deposits, formed in Ilio bed of an ocean of great cn- 
tcnl, iaio which numerous sUeams trausport'd the debris of the land, and 
ilj inhabitants. Two genera of marine reptiles, Ichthjfoiauria and FU- 
tiNBtma, swarmed in tlie Liassic bfo, and, ti^ther with the Plioiataia, 
lived on throughout the Oolitic period. 

(5.) The Tbiashic (ifew SeS) eoematios. — A group of 
"variegated, blue, yellow, and red maris, abounding in gyp- 
sum and salt ; with sandstones, limestones, and conglomer- 
ates, for the most part coloured red by peroxide of iron. 
Posails are not abundant, but aome peculiar ahella, corals, 
crinoidea, reptiles, and coniferoua plants characterize the 
Beries, whiirh is, for the most part, of marine formation. 

ObttTration: — This gronp is the grand depository of rock-salt in Eng- 
land. In Gernnny the strata form a triple sprios (whence the name 
Triaitic) of variegated marls, limestones, and sandstones, whieb eontaJD 
peculiar fossil remains. The separation of these deposits from the red 
mails of the neit division has been made in consequence of certain genera 
and species of animale, which abound in the more ancient rocks, being 
entirely absent in the Triaasic and all the subsequBnt formalinns. The 
Triassic is therefore, at present, regarded as the lowermost, or base-line, 
of the formations comprised in the secondary epoch; the fatmas and 
floras of the older strata being entirely distinct from those of Ibe se- 
condary. 

IV. TiiE Palaiozoic ore Primary Epocn, — Under this 
general term are comprised all the fnasiliferoua atrata more 
ancient than the Trias, and the organic remains of which, as 
the nune indicatea, belong eicluairely to speciea or genera 
that are wanting in all the newer formationa. 

(6.) Thb Pbbmiah {Magnesian Limestone) roHMATiON. — 
A Beriea of marine strata, consiating, in England, of lime. 



2M THB woimsBS or OIOLOOT. laat. ni 

stones charged with a large proportioii of magnesia, em^ 
glomerates, marl-slates, red marl, and sandstones. TbeiB 
contain peculiar sheUs, fishes, and reptiles. 

0&MnMi<KMu.— This group of depontt wm fimnerly otmed tiie tmm 
N€w Bad SandUone, or Magnetian Limeaton§: but, as eitber of thets 
terms is ambiguous, that of Permian (first suggested by Sir R. Murdur 
son, from the large derelopment of the seiies in the goremment of Perm 
in Russia) is now generally adopted. In this group are included all tiis 
deposits that intervene between the Triassic above and the Oarbooilbraiis 
systems below. The Permian types of animal and vegetable life aie 
nearly allied to those of the Carboniferous formatioiL Remama of rep- 
tiles occur, and, with few exceptions, are the most ancient of this daM cf 
animals. 

(7.) The CABBOKiFiBOirs tobmatiof. — Sjmdstonesygrits, 
shales, clays, and layers of ironstone, alternating with heds 
of coal, form the upper series ; — limestone and flag-stone, 
with layers and nodules of chert, abounding in marine shells, 
crinoidea, and corals,. constitute the lower division of this 
extensive group of deposits ; the total thickness of which is 
many thousand feet. The coal-strata are remarkable for the 
abundance and peculiarity of the terrestrial trees and plants, 
of which they are almost wholly constituted ; remains of 
reptiles, fishes, insects, and crustaceans of extinct families 
have been found in this formation. 

Observations. — These strata, so interesting to the botanist from the 
richness and peculiarity of their fossil flora, and to mankind in general 
for the inexhaustible supply of fuel which they yield, appear for the most 
part to have been deposited in salt water ; for the beds of coal are gener- 
ally associated with marine shells, corals, &c. ; there are, however, local 
intercalations of layers of fresh-water shells. The flora of the coal is 
the most striking feature of this system of deposits. 

(8.) The Devonian {Old Bed) foemation. — An assem- 
blage of quartzose grits, sandstones, marls, and conglomer- 
ates, largely charged with peroxide of iron (which imparts 
to the whole a dull-red colour), with beds of coralline marble 
^md laminated micaceous sanAstoiift^ •, ^\^ iorctoaScvsjrft. ^^& 
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formerly, from itti colour, denominated the Old Eed Band- 
stone, in contradistinction to the New Hed. Shells, corals, 
fishes, cruatacea,nB, and cephalopoda, of peculiar species and 
genera, are the prevailing and characteristic organic remains. 

Obaervafiona.— The term Deronian, which hue been aubstiluted fur 
l3xB.t of Old Red BondalonE, aa being more precise, is derived from the 
geographical development of Uiis gruup of rocka in DevooEhire, Engtaad. 
The red con^oniBrates, wluch eenatittite a weU-niB.rked lithological cha- 
racter in some localiliea, consist of WB.ler-wom fragmenU of slate with 
qnarti-pBliblBa, cemented together hj red sand and marl, and have btI- 
dently reaulled from the destruction of ancient alate-rooks ; they are in 
some instances mixed up with volcanic ashes and sioriie. Beautiful 
coralline marhl(« occur in South Devonstiire, and in Scotland and other 
l04»lities flbhea of a very remarkable conformation abound, belonging to 
genera unknown in an^ other aysLem. , 

(9.) Toe Siltteian i»D CAiOBiAif fobmation. — Ma- 
rine limestones, sandstones, shales, and calcareous flagstones, 
abounding in shells, cephalopoda, corals, and crustaceana 
(especially of the eitinct family of Trilobites), constitute 
the upper division of this important and estensive syetera of 
marine deposits. Traces of fad are almost the only known 
vegetable remains. 

A largely developed series of slate-rocks and conglomer- 
ates, several thousand yards in thickness, and often inter- 
calated with igneous rocks, the uppermost beds containing 
shells and trilohitea of the same types as those above, are 
included in the lower division of this great formation. 

Obiemaliona. — This system is entirely of marine origin, and many beds 
BIB aggregations of corals, shells, &c cemented logelher by calcareous 
matter. The organic remains arc numerous, and afford charactera by 
which the system is conveniently subdivided into Iao groups ; but only I 
one general organic type prevails throughout. The lowermoat beda con- J 
tain but few fossils, except Linguls, and insensibly pass into sediment- 1 
ary deposits in which no traces of orgaiUc existence, except annelid- I 
maitiogB, bare yet been discovered- This TnoaL tmctsViX. l>Kaa!aEt& <S| 
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the PalflBoxoic ■yttem wm itudied by Sedgwick and Mnrchiaon, ftt ike 
most part contemporaneoualy, in the Lake District, Wales, and Shn^- 
shire. Murduson divides the formation into Upper Silorian, Lower 
Silurian, and Bottom-rocks ; but the Cambrian of Sedgwick indndes 
both the lowest unfossiferous rocks and the Lower Siloriin of Mnrdunn. 

1(nii6gfitc Iftockft. 

I. Metamosphio ; or laminated cryitaUme rocks. 

(Xfservationa, — These rocks are presumed to be sedimentary deporiti 
that haTe been metamorphosed or changed in mineral structure from kmg 
exposure to a high temperature under great pressure ; by which their 
constituent substances haye passed into new combinations, and all traces 
of any organic remains they may have contained entirely obliterated. 
The name Ht/pogene, or nether-formed rocks (suggested by Lyell *), refers 
to the condition under which these rocks are supposed to hare origin- 
ated. They are subdivided into* two not Tory distinct groups : 

(1.) Mica-slate, clay-slate, chlorite-slate, quartz-rock, horn- 
blende-schist, and crystalline limestone. 

(2.) Gneiss, quartz-rock, Ac, alternating with clay-slate 
and mica-schist. 

Observations, — The mica-schist is a slaty rock, composed of mica and 
quartz, and often passes insensibly into gneiss on one hand, and into clay- 
slate on the other. Gneiss is formed of mica, quartz, and felspar, has a 
laminated structure, and often occurs in stratiform masses. 

II. Plutonic ; or amorphous crystalline rocks. 
Oranitic Bocks ; comprising Granite, Syenite, Porphyry, 

Pelspar-rocks, Greenstone, and other Trap-rocks. 

Observations, — The well-known rock termed granite, which, like gneiss, 
is composed of mica, quartz, and felspar, is not stratified or disposed in 
layers (though often graduating into gneiss), but occurs either in amor- 
phous masses protruded through newer rocks, or in dikes and veins, which 
often traverse strata of all ages. The traps, porphyries, &c., included in 
this system, have the character of mineral masses which have been ren- 
dered crystalline by intense fusion, under great pressure, in the depths of 
the earth. 

* From {,iro,undfr, and ^ivoua, 1 omborn; w«**^aM»ai.o\^i««»V.wr ^^•'i- 



(1.) Greenstone, Basalt, Toadstone, and other Trappean 

rocks : — products erupted from ancient volcanos. 

(2.) Lava, Obeidian (or glassy lava), Tuff, Scoriie, Pumice, 

Afihes, &c. : — products of modem dormant and ac- 

tdre sub-oeriol volcanos. 

04wrM<io«j.— In this duss are placed the mineral produolions or flte, 

OTBubleiranean heal, Reeled frara beneath the sutfaco, ihiough fissures 

or lenlB, whether in ancient or modem times. Theae igneous materiali 

ate of all ages ; they Irareise alike the hypogene recks dad the Eedimea- 




8. GS0L06T OF Enolahd. — By an inapection of tLe 
Geological Map of Ekigland, Plate I., it will be seen that 
the principal IbrmationB euccessively appear on the surface 
somewhat in their true chronological order {lAgn. S-l), as we 
pass &om the eastern or south-eafitem part of the Island to 
the west or north-west ; as, for eiample, from the coast of 
Suffolk to Cardigan Bay, or from London to LiTeipool. 
Thus, the Tertiary deposits are spread along the eastern and 
south-eastern maritime diatricta ; and, in proceeding in a 
north-westerly direction, we Bucceasively travel over the 
Cretaceous, Oolitic, Triaasic, Pennian, Carboniferous, Devo- 
nian, Silurian, and Cambrian systems ; and, laetly, metamor- 
phic and cryatalliDe rocks appear. 
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This diatribution of the etratu has imparted & peculiu 
character to the physical geography of England, The moun- 
tainouB districts, which extend north and south along the 
western portico of England and Walea, from Cornwall t« 
Cumberland, are formed by the elevated maaaes of the Meta- 
morphic, Cambrian, and SUurian rocks. These are succeeded 
by a band of the Carboniferous, Permian, and Triassic strata, 
with a few intrusiomt of metamorphic and plutonic roc^ 
that stretches from the coast of Devonshire, through tbe 
midland counties by Ijeicestershire and Derbyshire, to New- 
castle. On the south-east of this tract the Oolitic and Cre- 
taceous formations, chiefly made up of argillaceous and 
calcareous deposits, constitute a diversified agricultural dis- 
trict, which extends from the southern shores of Dorset anl , 
Hants to tbe coast of Yorkshire. The Wealden is exposed at 
Purbeck and in the area between the ranges of the north and 
south downs of Kent and Sussex. The Tertiary overlie tha 
uppermost secondary strata ^ they occupy the eastern ani; 
south-eastern maritime districts, and form tbe area on whictl 
Blends the metropolis of England ; they are covered in manji 
places by the Drift and AUuvial debris which contain mam* 
mahan remains. 

After this comprehensive view of the leading characters of 
the principal rocks and strata of which the present island! 
and continents are composed, we proceed to a more particu- 
lar examination of the several formations iu their natuml 
sequence, or order of superposition. 

9. P08T-TEKTIAKY EKPOSiTs.* — Tbe formation of alluvid< 
strata, and other superBciat accumulations resulting from. 
the operations of existing rivers and seas, whether the lani 
and water had the same relative position they now hold, oi 
whether the land was at a somewhat higher or lower positioi 

• A cotreclad Tnblo of ibe Terliniy ftnd Post-Torliary deposits 0,. 
England is gimn in the Profaluij noVc qI live STilEdlt. of tbe Gsologj 
orUig lale of Wight, p. xiii. 



Relatively to the sea-level, is treated of in the first Lecture 
(§ g 19 to 60) ; and the occurrence of the remaiuB of iand- 
Scimals in such superficial deposits (tis well as in eimilar 
acenmulfltiona of the next preceding period) ia illustrated 
by numerous instances in the second Lecture. 

10. The Teetiabt toemations. — We now enter upon 
the consideration of the Tertiary Formationa, — those ancient 
deposits of seaa, rivers, and lakea which belong to the period 
immediate)y antecedent to that which is marked by the pre- 
"valence of remains of esisting species of quadrupeds, and 
Bubsequent to the deposition of the uppermost secondary 
formation, the Chalk. 

The discoveriea of Cuvier and Brocgniart, about thirty 
jeara since, in the immediate vicinity of Paris, first directed 
attention to the important series of strata now disting;nished 
by the name of Tertiary (see p. 200). The extinct pachy- 
derms whose bones abound in the gypsum- quarries of Mont- 
martre were by the genius of Cuvier recalled, as it were, 
into existence, and the philosophers of Europe saw with as- 
tonishment whole tribes of unknown and extraordinary types 
of being disinterred from rocks and mountains which had 
previously been considered as destitute of Hcieutiftc interest. 
Analogous strata, some of a marine, and others of a lacus- 
trine and fluvjatile character, were soon found to be spread 
over many parts of the continents of Europe and America; 
forming a series so extensive, and requiring such a lapse of 
time for its production, that the Chalk, hitherto regarded as 
comparatively of modem origin, is carried back to a period 
incalculably remote. The tertiary system may be said to 
constitute a series of strata which unites the present organic 
kingdoms with the past ; for, while the most ancient contain 
species related to forms that occur in the secondary forma- 
tions, the moat recent insensibly glide iuto the modem de- 
posits, and abound in fossil remains of living species of ani- 
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mala and plants, associated with many that are not now 
known to eiiat. 

Sir C. LyeU has adopted a clasBifieation of the tertiaiy' 
strata, founded on the relative proportion of recent and d- ' 
tinct species of animals which any given seriea of beda may 
contain ; and aa shells occur in moat of the strata in great 
abundance, and in good preservation, he has selected the»e 
types of animal organization, as the distinctiTe eharneters of 
the principal aubdiviaions. Though in the present atate of 
our knowledge this method is of great utility, it will prol* 
bly require considerable modification ; and, perhaps, mart 
hereafter be altogether abandoned ; for it cannot be doubl- 
ed, that strata in which no recent species have yet bt«n 
found may yield them to more diligent and extended re- 
searchea ; and the relative proportiooa of recent and M- 
tinct organisraa may be found to occur in a very different 
ratio irora that which is assumed as the basis of this arrange- 

11. Clissification op the Teetiaet, — According to 
this system the tertiary strata form throe principal groupti 
each characterized by the relative proportion of the receni 
and extinct species of shells ; and a nomenclature has beeA . 
adopted expressive of the charactera upon which the clasaiS- 
uation is founded. These diviaiona are aa follow : — 

1. Tub Pliocems f {lignifying mora i«io or rscwif)-— TorUarj »tnlM 

■ ThL) BtiticiiiHlion u ulreudy iii some measure conliriaed ; fat eii)(- 
iiig Bpacies have been fouad iii the moal Bncieal tertiur; deponlts: mj 
aeverul secondary shells, tlshes, &<:. in tertiary alrata, and even living i> 
(he present seaa. See Philippi, Quart. Joum. Geol. Soc. vol, U. put % 
p. 17 ; and Fiutel on ihe Diluvial Deposits of the Canton uf Gvneva. 
IJome excellent obserrations on the paleonlological relatiani of llie ter- 
tiary aiid cretaceous deposits may be found in Mr. Prestwich'a papcton 
tbe London Clay in the Geological Society's Journal, vol. i. p. Wa. 

t TliB Pliocene and Miutene are grouped logelher by some Coali- 
nental geologials, uuder.the term Nedoene (nsio-iorn). 
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in which the shtlla are for the moal part reuenl ; canlaining nt 
ten per cent, of eitinct species; tlieiie bedsnrB subdivided inlc 
rumer and older plioeme. 

S. The MiocEBE {denoting teti rerent) ; — confaining a small ptopor- 
lion, about twenty per cent., of recent species of shells. 

3. EocEHB • {lignifyiag the datea of recent, in aHuaiait to ihefirit ap- 
pearance of recent ipwiii) : — containing Tery few recent apeciaa ; 
not more than thicQ ot four per cent. 

The marine are in many instances aBaoeiated witli fresh- 
water deposits, and the general characters of the syatem a 
altemationa of marine with laciiatrine or fluviatile strata. 
The diatricta occupied by these heda in Europe are exceed- 
ingly variable in estent, as Lyell has shown in a very ii 
geniouB map of the tertiary aeas i \ and it appears certain, 
that during the tertiary epoch there were large areas alter- 
nately the sites of freah-water lakea and inland seas, and that 
these transitions were dependent on oscillations in the rela- 
tive level of the land and water, 

12. FosBiL HSELLS. — The geological evidence aflbrded by 
fossil remains has already been escmplified ; hut our 
marks have hitherto in a great meaaure been restricted to 
the relies of terrestrial quadrupeds. The sheUs of mollnaca, 
however, from their durability, often escape obliteration u 
der circumstances in which aU traces of the higher orders of 
nnimalB are lost, and they become, therefore, of the utmost 
importance in. the speculations of the geologist. In clayey 
sand-beds, they sometimes occur in a high degree of \ 
fection ; in mud and clay, in a fragile state ; in some 
stances they are ailicified ; and many limestonea are wholly 
composed of shells, cemented together by caLcareous spar. 

• Some of the Tertiary beds of Germany (Mayence, &c.) appear to be 
aeither exactly of Eocene nor Miotene age, and have been separated by 
M. Beyrich as an intermediate ieciea, with the name of Oi-iaoCEHX 
{ilightli/ recent). 

f FimBiplea of Geology. 
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Molluscous animals " are divided into mo??a*co,t properij m 
called,^ whicb are cov^d with a single shell, as snails, peri- 
winkles, &c. ; and conchifera, || having a shell with two 
valves, B8 oysters, scallops, &e. The former are of a higher 
organisation than the latter, hai-ing eyes and a distimit 
nervous system ; the latter have neither eyes nor head, and 
are therefore called acephala.^ Some genera are herbivo^ 
0U8, living eicluaively on vegetables ; others are camiror- 
ouB ; and many have a retractile proboscis, furnished with » 
rasp, by which they can perforate wood, shells, stone, and 
other substances. The sheila of the carnivorous testaces aw 
also generally provided with a channelled or grooved heak, 
for the reception of the fleshy syphon by which tlie ses- 
water is conveyed to the respiratory organs {Lign. 39, ^j, 
3, 4, 5) ; while the herbivorous have the opening of the 
shell entire (Ltgn. 40, Jig. 3, C, 6, 7). Some tribes are ei- 
clnsively marine, others can only live in fresh water, while 
many are restricted to the brackish waters of estuariofc 
Their geographical distribution is also various; not only do 
certain genera afiect distinct "marine prorinces," and apft- 
ciea even sometimes confine themselves to limited areas,T 
but the mollusca have a certain distribution in depth; h 
that some are recognised aa being peculiar to deep sea, aomS 
to ahaljows, and others as inhabiting the intermedial 
depths :•• many exist in quiet, others in turbulent wa 
some are gregarious, like the oyster, while others i 
singly or in small groups. All these varieties of conditini 

• Medals of Creation, ■2nd Edit, vol. i. chap. 1 1 , p. 374. The si 
should consult Mr. Woodward's compact and most valimhle " Man 
the MulluHco," for general and special information regarding botb i 
and iaisW molluacan animaU. 

t Sofubodicd. 

X Knoii'n also as Enetphala, or molluscn with hi'nds. 

II Shell-bearine. 5 Having no head. 

~ BH'nodwiird'sM»nua\ofMo\\iiBei,-¥.3«. 



213 

are more or less strongly evidenced on their a helly cover- 
ings, which may be regarded as their external Bkeletona ; 
and the experienced eouchologist ia generally enabled, by 
the peculiar characters of the shellj at once to determine the 
economy and habits of the animal, and conseqnently the 
physical conditions in which it was placed." In this point 
of view, fossil ahells become objects of the highest import- 
ance to the geologist, aince they are frequently the only in- 
dications of the circumstances under which depoaita were 
accumulated-t I return from this digression to the consi- 
deration of the phenomena preeented by the several groups 
of the tertiary formations. 

13, LiTHOLooicAL cuiRAOTEHB OP THE Teetiary 
8TEiTA. — Escepting the boulder-clay of the glacial period 
(presently to be noticed), the superflcia! gravels and loama 
with elephantine and other remains, the cave-depoaits of 
Kirkdale and elaewhere, also with bones of extinct animals, 

■ Tbere is, howeier, a aaurce of error ihal caiiiiol nlways be guarded 
against : great changes are produced in sliella by merely local influencen, 
and Uiese are oflen miAlakea for spedlic disliiiclions. PrDfeasor E. 
Forbes, whose invealigalions have so beautiful!)' elucidated many of the 
pheDomena relating to the submarine distributiun of the tnolluaca and 
Other aquatic animala, affirms that many parts of the sea are too deep to 
ndmil ol' the existence of any animals or vegetAblea ; and, therefore, thnl 
depoaila of vast thickness, iu wbich no orgunic remains can occur, may be 
forming in those profound abysses at the present lime. Hence, we havu no 
uonduai'e evidence that the so-called azoic strata were formed before the 
eiialencc of animated beings; or that any uofossiliferuus beds of later date 
were deposiled in deeper water than many of the fossiliferous deposits. 
On the other hand, tides and currents, besides depositing the snails of the 
land in marine beds with or without remains of marine animnls, may to 
some extent mingle the shells inhabiting oua marina proviooe with thow 
of BDClher; and the same agency may not only mix the remnins of ihq]- i 
luBCB peculiar to one zone of depth »ith those that lire in another, bat in i 
some instances may even transport organic remains from inhabited xi 
lo the lifeless abysat^ cf the fathomless ocean. 
t See Medals of Creation, 2Qd Edit. vo\. i: ?- 3fe\. 
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and the osseous breccia already described (p. 185), the pie- 
dommstmg characters of tbe tertiary Bvatem ore alterQutioni 
of marine beds with those of lacuetrine and fresh-water ori- 
gin. A large portion of the beds ia arenaceous, with inte^ 
Tening strata of clay and niarl. Shingles, tbe remans at' 
ancient sea-beaehea, abound in some localities, and often 
occur as a conglomerate or pudding-stone, as in Hertford- 
shire (p. 101) i or as a ferruginous breccia, as at Ca«tlti 
Hill, near Sewbaven, on the Sussex coast.* The ruins of 
the Chalk are everywhere recognisable in tbe immense beds 
of water-worn flints, which contain sheila and Koophytea pfr 
culiar to the cretaceous system. Large erratic boulders 
and blocks of crystalline sandstone are of frequent occur- 
rence on the chalk-downs, a.nd have probably been deriTed 
from the upper beds of the Bagshot sand. In the vicinity 
of Brighton, blocks of ferruginous breccia are scattered over 
tbe surface of the Downs, and masseH of quartzose sandstone, 
of a saccbarine structure, occur at Falroer and in Stanmec 
Park ; some years since there was a large rock of this stone 
in Goldstone Bottom near Brighton. In most of the grayel- 
heda around London there are numerous blocks of siliceoos 
breccia and conglomerate. 

In some of the tertiary series limestone predominates, and 
alternates with sands and marls of great variety and brit 
lioncy of colour ; beds of gypsum, and siliceous nodules re- 
sembling the fiints of the chalk, also occur. Such e 
leading lithological features of this system of deposits, which- 
we will now eaamine more in detail. 

The present distribution of the tertiary strata oyer Europw 
IS in areas more or less well defined. In our own Islaud there 
are the so-called basins of London and Hampshire, the strata 
of which were originally united ; and the remains of othSB 
series of beds in Yorkshire, N^orfolk, Suffolk, Eases, Ati 
The nietropoiia of France is Mtviatei -srithm the conSnea 
• Geology oE the S.t.otE.n^ttni.,-^.'*!. 
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a tertiary ares ; and in the southern and northern provinces 
of ttftt country there are eiteneive tracts of aimilar depoBita. 
In Auvergne, they are naaociated with laraB and bcoHk of 
ancient volcanic eruptions, and constitute a district of un- 
rivalled geological interest. In the Sub-Apennines they are 
largely developed; and in other parta of Sicily and Italy 
tliey inaenaibly pass into vast beds of modem origin, which 
are still in progreaa of formation. 

In the United States, tertiary marls, clays, and eande are 
spread over considerable areas between the Alleghany moun- 
"taiDa and the Atlantic, resting upon sands and innrlB belonging 
to tbe chalk-formation. In Maryland and Virginia, there are 
extensive deposits of this claas, remarkable for their organic 
eompoBition, aa we shall hereafter have occasion to notice. 

14. SuBDmaioua of the Tebtiaht sraTEM. — The di- 
Tifiions of the Tertiary ayatem, adopted by geologiats, are 
iaely expresaed in the following synopais ; * 



Glacial drift of Britain. 

Nortliem Europe, anil 

NurUi America. 
Fluvio-marine beds on the 

eastern coast of Englanil. 
Cave-deposils of Kirkdale, 




&c. 
Raised 



achoB of Ihc Medi- 



The Aralo -Caspian forma - 

Sub -Apennine deposits ; and 
those ofPalermo,andQlbet 
paits of Sicily. 

The Crnp of the mariliniu 
parts of Ebbgx, Sntfolk. 
andNorfolk,andoriheNe- 
therlands and Noimand;-. 



See Lyell'a Manual of Geology, 1855, p. 105. 
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tliirty per 
extinul speciea of 
BbBlta. Tho lem- 
peralureoflhet^ea, 
B9 indicated by tlif 
BliellB, of a eub- 
tiopical chatacler. 

'Marine and beak-' 
water deposits J Ibe 
recent species of 

scarcely mare (ban 
five per cent. Tbe 
prevailing farms 
indicate a marine 

equal to that of ibe 
eiiiting tropical 



Faluns of tbe Loire. Bo 
dcrbcrg bi'ds of Bdgiu' 
The Sewalik HUis; al 

deaux, near Turin, in 
Vienna Basin, and in Vi 
Rinia; but none in En) 



The deposits of the lertiatj 
basins uf London, Uamp' 
shire, and Paris ; aleo the 
lower portions of the ter- 
tiary aeries of the Nether- 
lands and Belgium ; and 

tral and eastetn Europe, 
in Asia, and in NurUl 



16. Uppee Tebtiabt, or Pliocese. — Wben explaining, 
i preyious Lectin*, the circumetaiices under wLich the 
a of terrestrial quadrupeds occur in the superficial 
jposits, the nature and origin of those beds were briefly 
described. It is necessary, in this place, to offer a, few re- 
marks on the pheaomenu presented by the drift and other 
alluyial accumiJatioaa of the latest period of the tertiaij 

The drift • consists of beds of loam, sand, and gravel, vari- 
onsly distributed ; being, in some instances, spread over ex- 
tensive areas ; in others, forming moimds, ridges, and hills 
of low elevation j in others, cresting tbe summits of abrupt 
and lofty escarpments : sometimes radiating, 
broad streams from mountain-chains ; in others, constituting 
■ Formerly called diluvinin. 
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* series of terraces and platforms, ae if origioating in gjadual 
and Buecessive elevations of a aea-coaat. The composition of 
these deposits is as varioua as their orig;in. They are gener- 
ally made up of the detritus of rouks of all agea, promiacu- 
Oualy intermingled, and vary in condition from fine earth 
*0.d sand, or gravel and pebhles, to large bouldera and frag- 
ttients of rock many tona in weight. They aometimes consist 
of the debria of the atrata of the adjacent country, hut fre- 
4i4.eutly of rocks that are situated in distant regions. 

It will be apparent to the intelligent reader, that deposits 
*T*jying BO much in mineral characters and structure must 
**^Te been accumulated under very dissimilar conditions. 
**«Dme are unquestioaahly ancient shingles or aea-beaches 
C^-^M p. 112) ; others are sheets of detritus that have been 
?-*^rmed along shallow coaat-lines, or on the bordera of rivera, 
■^*iea, deltas, and estuaries ; others consist of ridges and 
**ioundH of debria heaped up by audden deluges or powerful 
*iood3 that have swept over low tracts of country, or by aub- 
^^-queoua currents, or waves of translation ; and others have 
^ieen produced by the agency of frozen water, either as float- 
*-aig icebergs, coast-ice, or glaciers. By the nature and state 
^:if the shells, bones, and other organic remaina, when pre- 
sent, and of the gravel, pebbles, boulders, sand, clay, &c. of 
">Thich the accumulation of driil or ancient alluvium may 
consist, the origin of the materials, and the age and character 
«f the deposit, may be more or leaa aBti8fa<;torily determined," 
16. EuEATic BouiDEas. — But there ia one class of phe- 
nomena connected with theae glacial accumulations which 
must not be passed over without comment. In many coun- 
tries rounded and angular boulders of great size are very 
abundant, either imbedded in the superRcial sands and gravel, 
or spread over them. Vast areas literally covered with 
bouldera occur in many parts of Europe ; enormous maases 
* LyeJl's " Principlos of Geology " should tw consulted foi a full ex- 
poBiiion of this subject. 
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of stone lying exposed on the Burfftce of the grovmd, as bnre 
an when left by the retiring waters, and appearing aa — 



Many of these boulders are of such magnitude, aa more 
properly to be termed rocks ; being from twenty to forty 
feet high, and weighing many hundred tons.* 

Connected with the boulders and beds of drifted grayei 
and other coarse detritus, is the occurrence of deep grooveii. 
furrows, strite, and scratches both on the sides of the bould- 
ers themselves, and on the upper surface of many rocks, and 
on the sides of such as flank narrow go^es and valleys, or 
form the slopes of hills and other inclined planes; ap- 
pearances manifestly resulting from the passage of pebbles, 
grit, boulders, and angular fragments of hard stone, orer 
exposed surfaces of rocks and strata ; in some instances by 
the action of currents and floods, in others by glaciers and 
floating ice. In some countries the boulders are not far 
distant from their parent rocks, and their course and origin 
may be readily traced ; but throughout a great part of En- 
rope, Asia, and America, these water-worn masses must have 
been derived from very remote regions ; and they are dis- 
tributed in such manner, as to show that their transport 
could not have taken place under the existing geographical 
distribution of the land and water, but must have been ef- 
fected when the present dry land was beneath the sea, and 
subaqueous currents and icebergs were in active operation. 

■ Thf-ra 19 * laifre boulder in the plnin near Mount SJui, -whith 
monkisli Isgenda idenliry with the rock of Horeb, whence Moiea, bjt ■ 
Btrnke af his rod, miraciilouslj raised s siream of w&ter for the parched 
Isnelitea. It is k block of griuiite, nearly twenty feet squnre. vhich hu 
probubly been dmired from (be neighbouring mountain.— Mr. Green- 
ough'a ••CrilUal Examinalim qf tha Fint PriiKiplu of Gtoiofy:" % 
work abounding in facU and commenls of the highest inlcmt. 









^y the former, the sf^cumulntioiis of sand, mud, and frravel 
**>»y have been deposited; and by the latter, the blocks, 
**Owevor large, may haye been detached and transported from 
'lieir parent rocks to the distant regiona they niSw occupy.* 
-*-'fce general course of the drift and erratic boulders in the 
**orthem parts of Europe and America appears to have been 
^V^-om the north and north-west towards the south and south- 
^^^tit as if the mttteriaJa had been brought by polar cur- 
■^^^snts from the northern to the southern regions ; hence tjie 
"*-^3nn '^northern drift" is often employed to designate the 
^^lluvium and boulders which belong to this category. 

Over vast regions of the north of Europe, in Poland, Kub- 
^aia, &c., erratic boulders, chiefly of crystalline and palajozoic 
^t^cks, are profusely scattered over the beds of alluvial de- 
~%3ri8, and upaa the exposed surfaces of the older strata. In 
Sweden, these phenomena are strikingly displayed. The 
"transported blocks occur in clusters, on mounds and ridges 
of sandy loam termed oaar, sometimes at a height of from 
200 to 300 feet above the adjacent plains. The origin of 
these widely spread erratic boulders is in the granitic and 
palteozoic rocks of Scandinavia. The travels and investiga- 
tions of Sir B. Murehison have afforded a satisfactory solu- 
tion of this problem. It appears that at a very remote 
period the granitic and ancient aedimentary rocks of Scan- 
dinavia were upheaved, and afterwards split and shattered 
to pieces by the expansive effect of ice ; and the fragments 
ud detritus that were carried into the sea by the action of 

* The power of icebergs in iTatiBporting blocks and immcnao quantities 
nf mrlhy mnterialB is olucidaled in Lyell's Principles of Geology, and 
^;lluTchi(0D'9 Silurian System ; see also several memoirs in the Anierii;!in 
BDmnl of Science; and Sutherland's remarks, Geol. Joum. vol. ix. 
,305. 

t This can be veil seen in the map illustratiie of Dr. Bigshy's paper 
n Iho Erralics of North America, Geol. Journ. »ol. vii. p. 'll!i, pi. 14. 
ee also Lyeil on the oell-niarked trains of erratic blocks in Ma^isachu- 
Its, Koynl Institution Nolicei, part 5, p. S<i. 
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glaciers and torrentB were urged on by subajjueous currents, 
and large maBses transported by iee-floes during the Bummer 
season, and deposited on the aea-bottom hundreds of miloB 
to the southward. These submarine deposits, covered here 
and there by erratic boulders dropped by the melted ice- 
bergs, were aubaequently elevated above the waters, and no* 
constitut-e the vast plains of Buasia and other parts of north- 
ern Europe; the transported blocks remaining as durable 
monuments of the physical changes which converted the 
oceon-bed into dry land.* 

In England there are no tracts covered by boulden of 
such magnitude as to be comparable with the instances above 
adduced; but the same phenomena are observable on & 
smaller scale in various districts. Boulders of the granites, 
porphyries, syenites, and slaty rocbs of the Cumberland 
mountains are dispersed northward and towards Carlisle, 
southward towards the bay of Morecombe, and eastward to 
the foot of the Pennine chain. They may be trat-ed from ( 
Lancaster " at intervals through the comparatively low * 
country of Preston and Manchester, lying between the ae* 
and the Yorkshire and Derbyshire hills, to the valley of the 
Trent, the plains of Cheshire and Staffordshire, and the vale 
of the Severn, where they occur of considerable magnitude, "t 
The quartz-rocks of the Lickey Hills, between Birmingham 
and Bromagrove, in Worcestershire, have yielded immense 
beds of pebbles, which are thickly spread to the south and 
east, into the valleys of the Evenlode, Cherwell, and Thamefl, 
and through the gorge of the chalk-downe, as far aa Bead- 

■ Sea " GeDlog; of Rusaia." for rt full canaidenilian of the " Stan^ 
Havian Drift," suA Uie phenomena connected therewith. 

t Proressor John Phillips's " TrantiEia of Geology." One of the mort 
ramarkiible occiiTtcnces of boutdeT-driflii in England ia that desctibed bjr 
Murchison lu spread over a tract in Staffordshire, at Trysail aod TrM- 
colt, and presenting enocmouimiwiea of trauaported granite.— ~" 
p. 535 
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**3g,* and even down the vaDey of the Thames as low as the 
Sleigh bourhood of London. 

In Bome of the examples quoted, the surface of the coun- 
try is not unfavourable to tlie passage of such materials as 
<2ompose the drift, if urged on by floods or sudden rushes of 
~%rater-, and, if it be assumed that the Cumberland mountains 
"Were of sufficient altitude during the houlder-period to ao- 
«oniulate glaciers, the torrents produced by the melting of 
"the ice in the summer seasons would account for some of 
i-hese beds of transport. But in many instances the physical 
configuration of the surface forbids this interpretation ; and 
the subaqueous condition of the country, and the action of 
currents, waves of translation, and ice-floes, ofler the most 
satistactorj eiplanation of the phenomena bore presented to 
UB, which have been regarded as presenting, on the whole, 
strong evidences in favour of the supposition of the esistence 
of averycold and "glacial"! climate in this north Eu- 
ropean area, at bast, during the latest tertiary, or ne> 
pliocene period."! 

17. Pliocekb bebs of Sicilt. — From the large pro- 
portion of recent species of shells which occur in the plio- 

• See " A Defloriplion of Ihe Quarti-Kock of the Lickejr Hill In Wor- 
reslerahire, Mid of the strata immediately Burrounding it;" by Uie Rev. 
Dt. Bucli land.— Geo/, Tram. vol. v. p. 50fi. 

t See B. Forbes'e valuable memoir on tbe Hubjcct of Ibe GUeiol Epoch 
in the " Geol. Surrey Memoirs," vol. i. 

t Our timita will not admit of any fiirlher nolice of lbs erraiio blocks 
of En^and ; but it may inleroBl tbe reader to know that there ia a very 
inatniEtivo exaniple of the drift, in the immediate vicinity of London, 
at Mnsweli Hill, beyond Highgate, which ia capped with an accumula- 
tion of pebbles, bouldora, and ftajmenta of rocka of all agea, from Iha 
chalk donrnwarda. The collecljoni of Mr. Welhercll and Mr. Toulmin ' 
Smith, of Fligbgato, contain characteriatic foBsila of tbe chalk, oolite, Una, 
raoun tain-limestone, &c, with blocks and pebbles of granite, gneies, and 
other crystalline rocka, all obtained from Muawell Hill. Geol. Journ. 
•ol. ix. p. 'i9l. 
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ceae strata, tbe beds havo ofteu the (tharac-ters of a moderS' 
ag(rre(,'ate, 

Tbo hills immodintely behind Palermo riao to an elev&tioit 
of about 200 feet above tbe lovul of tbe Mediterranean, and 
are in a great tneiwure (;om|)oiied of coarae limestone, 
up of friable sheila, which are frequently in an admirabla 
atate of preservation; in aome examplea preserving evea 
their markings and natural polisli. The elegant and pie- 
turesquB manner in which they are occasionally grouped 
renders them objects of great beauty and interest. Thew 
fossils, with but very few exceptions, are of species still 
living in the adjacent sea ; a proof, that, when the limestone 
was formed, the same condition of the basin of the Medl* 
terranean existed as at present, and that it was comparative 
ly uninfluenced by the elevation of that portion of its ancient 
bed which now forms the range of hills. 

In other parta of Iiiicily, limestone, blue marl, beds of 
shelly calcareous breccia, and gypseous clay occur, intetv 
mingled with volcanic products. In the Val di Nolo then 
is a remarkable assemblage of those deposits, which haffl 
been described by Sir C. Lyell.* 

Tbo rising grounds ot the Vol di Nolo sre separated ^m the Mne of 
Etna, and the marine strata on which it rests, by Iho plain of Catania, 
wliich is elevated abore the level of the sea, and vatcrod by the Sinuto. 
Ths traveller puaing from Catania to Syractiae by vay of Sortina aid 
the valley of Penlalica, may obicrva many deep iwutLonB of these modem 
formaliotui rising into hilla from to two thausond feet in height, and cn> 
tiraly compond of ■odimentsry strata, with recent shells ; Ihess are aa> 
■uciated with volcanic roeka. The whole aeriel of atrata, exdiujvely of 
the volcanic product*, i* divisible into three principal gronpa. 1. Th« 
v^ptmunt, compact limestone in laminated strata, with retent shells) 
toUl Ihioknew, ttom 70U to 800 feet. 2. Calcareous sandslooe, with 
■chiltoM limeHtune. 3. Laminated marls and blue clay*. 
The above groups contain shells and Koophytea of the 
apeciea as those from Palermo just noticed. Tbe 
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■oallop (Feoten jaeoheut), which at the preseDt day ia pro* 
fusely etrewti on the Sicilian Bhoreit, ia abuudant, and heau- 
tifiilly preserved in the compact limeatone ; OHSociated with 
Uomense DumherB of very minute foraminifera, of epecieB' 
'^hxt now swarm in the wntera of the Moditerraneaa. Leaves 
Of phmtB and stems of reeds are of frequent occurrence. 

The Apenninea, which extend through the Italian pen-r 
iliBula, are flanked, both on the side of the Adriatic and 
tte Mediterranean, by the Suh-Apenninea, a low rangB 
Composed of tertiary maris, sands, and conglomerates, some 
*^f which were contemporaneous with the Crag of Enghind, 
"Awhile others belong to a more ancient epoch. These beds 
l^ave resulted from the waste of the secondary rocka of the 
-Apennines, which were dry land before these strata were de- 
t»osited. 

18. The Cmo. — In England a very interesting asaemhlage 
of pliocene strata ia spread over considerable areas, along the 
*aiaxitime parts of the eastern counties, Eases, Sufiblk, and 
Norfolk, — and is provincialiy called the Crag. These beds ex- 
tend along the coast forty or fifty miles, and form a tract which 
in some parts is ten or twelve miles in breadth («ee Plate I.), 
The foundation-rock of that part of England ia the white 
«ha]k, which ia more or leas covered by the London clay, oa 
"whiuh the lower Crag is superimposed. The Crag strata 
consist of loam, day, sand, and shelly gravel, containing beds 
of marine shells, sponges, and moss-corala (bryoKoa), many 
of the layers being wholly made up of shelly and bryozoan 
detritus. In the upper part of the series there are inter- 
calations of fluviatile deposits ; and over all partial deposits 
of silt, containing mammalian remains, which insDuaibly 
blends with the auperficial alluvium of the country. 

Mr. Edward Charlesworth, to whom belongs the merit of 
having first accurately inveatigated and interpreted the zoo- 
logical characters of the Crag, and of having pointed out the 
natural groups of this series, has established the following 



Bubdiviaiona of the deposiU that oocupy the eaetem coast of 

England : — 
I. limuUlHl patches otUciutimo bedsTith manimaUnn remains. Abon 
the whole af these deposits, ia the Dsuai alluTiai accumulatio^iind 
drift, in which >re vast numbers of bones and teeth of Bleplusl, 
Boa, and other pactij'deniis, as well as of the big-homed Deer. 
1 JUonnui/t/itnnu, Jliano-marinx, or Normth Crag, Sandy loam and 
day, more or teas charged with ahellj detritns ; it occurs in cer- 
tain localities at Soulhwold, Norwich, Cromer. &c. This it ui 
eilenaioii of the Red Crag, and contains bones and leeth of stitenl 
extinct mammalis, includimg a species of Maslodon, 
with those of fliisting and indigenons species- 

3. Upper or Red Crag. So named from its deep fcnuglnoiui colool. 
It consists principallj of quartzose sand, with comminuLed huS 
water-worn shells, moss-corsls, bonra and leeth of fishes, 
numerous mammBlian remains. These beds, when occurring in the 
same locality, are iniariablr superimposed on the Lower Crag. 
They attain a thickness ofupwardsof forty feet, and abound in ma- 
rine Ehclls, especially numerous species of iturex, Biiceiruan, and 
Fuiui ; among the latter Is Ihe FUsua contrariui ( so named he- 
CHUse the spiral conrolutions pass from right to left, instead 
in the opposite and ordinary direction), a well-known atu 
formerly in great request among collectors.* 

4. Suffolk or loicermoat Crag.f A series of calcareous and mx 
strata, loose white sands, layers of shells, sponges, and biyon 

and concretionary bands of stone. It abounds in shells, 

denns, sponges, and moss-corals (especially of the genus Fam 

I cularia), and these occur in bo perfect a slate as to indicate ihl 

■ they lived and died on the spot; for m^y of the spongei an 

I bryoioa are in the upright posilioQ in which Ihey grew. Th 

group is upwards of twenty feet in thickness, and extends aloi 

the coast of Sutfolk, over an area of twenty miles in length BI 

three or four in breadth. 

The Upper and Lower Crag have yielded to the research! 

of Mr. SeM-les Wood, and others, upwards of 400 specieB ( 

I • See Parkinson's Organic Remains of a former World j vol. iu. i 

Kflg. b i Pictorial Atlas, pi. bJ, Gg. 5, 

I f Aa neither corals nor corallines are characteristic of this Crag, whi( 
I the contriuj abounds with ap^ongea and bryoioa, the name " Con 
Hj" /brDterlj" applied to it, is eviftenft^ aivQ\:^ec&HijM«.-HiHu«o«i, 
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ahells, muneroue sponges and moss-corals, teeth of several 
fishes of the Shark family, some of large size {Garchariat 
MeyaZorfon), teeth of Eagle-raya {Miliohatis), and ear-bones 
(petro-tympanic)* of Whales and other cetaceans. The 
biyoBoa are of estinct genera ; and the echinoderniB,t of 
which there ore nineteen species, are mostly distinct from 
any in the adjacent seas. Microscopic shells of foraminifera 
are abundant. TerebratulsB of great si«e are often met 
with; specimens six inches long have been obtained by Mr. 
Charlesworth. 

The proportion of recent forms among the foasilB of the 
two divisions of the Crag, the Upper, comprising the Bed 
Crag and the Norwich Mammaliferous beds, and the Lower 
or bryozoiferous Crag, is not quite the same in the two 
cases ; % although the difierence is not great enough to 
allow of the separation of the two groups in geological time. 

The recent forms of Gasteropoda predominate in the 
Upper Crag ; and the recent forma of Bivalves are the most 
numerous in the Lower. 

The Mammaliferous Crag has evidently originated in de- 
posits of silt and sand brought down from adjacent land by 
a river or streams of freah water into a creek or bay in which 
marine detritus was accumulating. With numerous marine 
sheila, it contains some fluviatile and terrestrial species ; and 
in it have been found teeth of the Mastodon, Uraus Bpelieus,§ 
and other contemporaneous foesil mammalia, 

• Monograph of lie Fossila of the Crag. Palaontogtaphieal Society^ 
1848— &6, 

t E. Forbes. Monog. of Tettiary Echinod. Pal. Soc. 1852. 

I Wb leatn from Mr. S. Wood's -concholugical invealigations on the 
Crag Mollosca, lalely giien to (he world io his highly Yaluahle mono- 
graph, ihal. out of the 211 raoUuaca -of the Lower Crag, 114 are alao re- 
oenl ; and out of the 202 belonging to the Upper Crag, 122 are recent. 
Hence there ia about ,', more recent forma in the Upper tban in Ihs 
Lover, or very nearly '064. 

§ Mag. Nat. Hist, vol, «i. p. 450. 






The upperraoBt beds appear to be entirely lacustrine or 
flaviatile, for tbey contain aeed-vesselB, remains of insecU, 
freah-wat«r Bhelia, and bones and teeth of land quadrupedfl; 
comprising those of rat, mole, bear, boar, deer, ox, horee, liip- 
popotamus, rhinoceroB, elephant, and beaver, and the large 
extinct form of the latter, that occurs in the mammoth -drift 
of BuBsia (the JVojonMeriMm, see p, 155).* 

The passage of the mammoliferoua crag into the superfi- 
cial drift is in many places ao imperceptible, that no line of 
chronological separation cau be drawn ; and our previous 
remarks on the depoflita of the valley of the Thamea render 
further comment unnecessary. 

19. Miocene, ob MinDLE teetiart. — The miocene are 
defined as strata containing "but a small proportion of recent 
species of shells, seldom exceeding 20 or 30 per cent. ; 
but there are exceptions to the rigid application of this rule 
in many of the atrata comprised in the middle tertiaty. Near 
Bordeaux, and in Piedmont, Hungary, and other parta of 
the continent, groups of miooeoe strata occur, and hare been 
described by Lyell and other geologists. 

20. Eocene, ob lower tertiary DEPOaiTs. — I now pro- 
ceed to the consideration of the Eocene, or those strata 
which are of the highest antiquity among the tertiary depo- 
sits, and occupy basins or depressions of the chalk, where 
that formation constitutes the fundamental rock of the coun- 
try. Every step of our progress will now be replete witk 
increased interest, and tlie relics of new and extraordinaiy 
forms of being will appejir before us. I shall pass rapidbf 
over the strati graphical character of these roeka, that 
tention may be more fuDy directed to the organic remainiM 
wtich they encloise. 

^^ I will first describe the geographical distribution and 
^^^ • At Oaland, near Bacfon, Norfolk. Professor Owen haa t 
and descrlbei the most, impoiliuii oC ih«ie relics in his " British Fon 



Kocxtn, OK LowxK nmnisT. 



227 



>1 cluzacten of r few of the principal gronpB, and the 
re remarkable fouil *niTnftlii and pkntB ; and then iurrej 
■e regioni of central Frsnoe, of the Bhioe, sai of Bontfa 
lerica, which have been the Boenes of active volcanog dnr- 
the tertiaiy epoch. 

t maj be regarded as a aingolar coincidence, that the 
itala of Great Britain and France are located on strata 
the aatne geologici^ age. "PxtiB ia sitnated on a vast al- 
lation of marine and freah-water beds, lying in a depree- 
1 of the chalk ; the latter forming the boundary of the 
a in which the dty ia placed. London also is built 
dajB, aanda, and pebble>beds, filling up a basin of cretace- 
i strata, the margin of which skirts the area of the ter- 




7 on the aouth, but leaves it open to the sea on the east. 
Hampshire, and on the northern part of the Isle of 



Wight^aMrin of c i ii ta i mw mponi nmme Mta^ wiA ifr 
tcfipenioiia of firedi-ivitBr deponti^ in liks oiMi]^ 
tlMCbalk. The wtottfe Mfcaatkn tad c wnparati f e eitect 
of tlion time benna ne dMnm in tlie map (Li^ 8K) ; nd 




the ideal seetion (X»fik 86), from Hertfinrdahire acRW die 
BritiBh Ghannd to Sena in France, explaina the poeitioii of 
the London and Ftaia baaina, and of the underlying dulk 
and wealden depoaita. 

21. Ths FABia BAsa. — ^Tbe F^una iMunn ia from eart to 
west about 100 miles in extent, 180 from north-east to 
south-west ; the greatest total thickness of the beds, or, in 
other terms, the depth passed through to reach the chalk, 
amounts to several hundred feet. 

The strata, commencing with the uppermost, and descend- 
ing to the most ancient, present the following characters :— 

] upper freah-vfoter marls , with interstratified layers of flint or chert, 
containing seed-yessels of aquatic plants {Chora, p. 86), and 
animal and vegetahle remains. These beds are attributed to lakes 
and marshes, which existed after the marine sands (No. 2, below) 
had filled up the basin. 

2. Upper marine formation, consisting of marls, micaceous and quartz- 

ose sand, with beds of sandstone abounding in marine shells. 

3. Oypseout marls and limestones ; with fluviatile shells and bones of 

terrestrial animals. These are supposed to have been discharged 
by a river which flowed into the gulf; the gypsum being preci- 
pitated from water holding sulphate of lime in solution, in the 
same manner as the travertine or calcareous tufa, of which we 
have already spoken (p. 73). 

4. Cakaire grassier; a, Marls, limestones, and sandstones, con- 

teftiiog terrestrial, freBk-^tttei, and estuarine shells and plants, 
(85 ibet); d, a coarae aoidi&i \m«Bton&« qx cAkwL^'^a&^^Qatone, 
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pudng into oaloaxvons land, and abounding in marine ihellf 
(40 feet). — ^These beds often alternate, and are considered by M. 
Constant Prerost to be contemporaneous formations; the marine 
•trata baring been formed in those ports of the basin which were 
open to the sea, and the fresh-water limestone by mineral waters 
poured into the bay iW>m the south ; the continent being situated 
then, as now, to the south, and the ocean to the north. Layers of 
miUoHU UmutOMf* almost entirely composed of the microscopic 
shells of foraminifera, occur in this part of the basin, o. Calcare- 
ous greensands, with flint-pebbles and marine shells (25 feet). 
^loBtic clay and aand. Strata of clay and sand, with fresh-water 
shells, drifted wood, lignite, leares, and fruits; with bands of 
limestone containing marine shells. 

• The lotoennott. Chalk-flints, broken and partially rolled, some- 

times conglomerated into ferruginous breccia. 

^tom this rapid sketch, we perceive that the strata which 
•oxpj the Paris basin have been produced by a succession 

changes that readily admits of explanation by the princi- 
68 enunciated in the previous lectures. Here we have an 
cient gulf in the old chalk-region, which was open to the 
i on one side, while on the other it was supplied by rivers 
urged with the spoils of the country through which they 
ved, and carrying into the sea the remains of animals 
I plants, together with firesh-water shells ; and there were 
asional introductions of mineral waters. Changes in the 
itive level of the land and sea took place, and thus admit- 

of new accumulations upon the previous deposits ; lastly, 
1 country was elevated to its present altitude above the 
. Mutations of this kind, as we have already seen, are in 
egress at the present moment, and afford a satisfactory 
cidation of these interesting phenomena. I reserve for 
) present any remarks on the fossils of the Paris basin, 
i pass to the examination of synchronous strata in our 
n Island. 
22. The London basin. — The tertiary deposits on which 

* So called from its enclosing immense quantities of a mmute shell, 
ned Miliola, 
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the mefcropolia of EnglaTid 10 ntiuted ue ■pro ad orer * coBf 
siderable aieft, which is bounded on the eootli if tiie KorA 
Downs, and extends on the west beyond High-elm Hill, ia 
Berkshire. It is flanked on the narth-wesi bj tlie dialk- 
hills of Wfltshire, Berkshire, dfixrdshiie, BnfJringhttMJinei 
and Hertfordshire. On the east it is open to tiie sea; the 
Isle of Sheppey, situated in the moatii of the Thamesibeiiig 
an outlier of the same deposito.* These beds extend ofer 
Essex, a considerable part of Suffolk, Epping and HsJnsnH 
forests, the whole of Middlesex, and a portion of Budo. 
The tertiary deposits comprised in this series are subdifided 
as follows : — 

1 BagMhat Stmdt; — sands, ssndsUmes, fidisted iiuuds» ud oonoe- 
tionary msssos of siliceous sandstones, with a medial sroop of 
argillaceous beds. 

2. London Clay; — a tenacious bluish-black day, with layers of septa- 

ria, resting on a pebble-bed, which sometimes passes into a shelly 
conglomerate {Basement-bed), 

(With the first division, Mr. Prestwich places the Brackletliom utnd and ela§; and 
with the hitter the Bognor rocks.) 

3. Woolwich and Reading Beds ; f — mottled clays, sands and occasional 

sandstone, pebble-beds, and lignite. 

4. Thanet Sands ; % — ^nearly pure siliceous sands, with occasional con- 

cretions of sandstone. 

The site of the metropolis and its environs is on the Lon- 
don clay, which abounds in marine remains, and constitutes 

* See Mr. Webster's paper in the Geolog. Trans. toI. iL ; Conybeare 
and Phillips's Geology of England and Wales ; also Mr. Prestwich's 
papers in the Journal of the Geological Society, and his Memoir on the 
water-bearing strata of London, a work in which this author's intimate 
knowledge of the district elucidates the general geology as well as the 
water-capabilities of the neighbourhood of the metropolis. 

t Formerly known as the " Plastic day ; " but, as the Bagshot series, 
towards the west of England, supplies a great thickness of plastic clays, 
the name eannot be limited to the one series. See Quart. Joum. Geol. Soc. 
wfLx^p* 75. 

■t. Jonm. QeoL Soc. "voV Vui. ^. *2^. 
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le great idrbb of the materials that till up this ancient gulf 
c>f the ocean. Immediately upon the chalk, however, there 
Bre thick bede of marine Bands (Thanet aanda), and above 
t:heni mottled clays, called the Woolwich and lieading beds, 
^the Argils plastique of the Paris baain), in which freBh- 
~%vater shells, plants, and drifted wood aj% found ia some 
localities. The clay and gravel-pits at Woolwich, on the 
"banks of the Thames, exhibit strata full of IreHh-water uni- 
TolTe and bivalve shells; and at Plumstead, Besley, and 
other places marine bivalves occur in clay and in indurated 
argillaceous limestone. The boulders utid msBses of sand- 
stone which are abundant in some of the chalk- valley a, and 
on the flanks of the Downs, and are called Orey-wetiers, 
Sarsden-atone, or Druid-sandxtone, from being the principal 
material employed in the conBtruotion of Stouehenge and 
other Druidical monumenta, have been derived chiefly from 
the Woolwieh-Keading series, though some may have remain- 
ed from the destruction of the lower Bagshot sands, and 
others from the basement-bed of the London Clay,* In 
some instances, layers of green sand lie upon the cbalk, 
which at Blading contain immense quantities of oyster- 
shells : a similar accumulation of shells occurs near Nor- 
wood and at Headley in Surrey, a few miles from Heigate. 
At Bromley, in Kent, there is an extensive bed of oyster- 
shells with pebbles of cbalk-fiiats interspersed, the whole 
being cemented together by a calcareous deposit into a re- 
markable shell- conglomerate, which ia in much request for 
grottoes and ornamental rock-work. 

The London Clay is found immediately beneath the gravel 
which so generally constitutes the subsoil of the metropolis ; 
it is of great extent, and varies from 300 to 600 feet in thick- 
ness. The blue clay produces a dark, tough soil, with occa- 
lional intermixtures of green and ferruginous sands, and 
variegated clays. It abounds in layers of spheroidal nodules 
• PreiMich, QuMl. Joum. Geo]. Soc. voL x, p. 123 
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of indurated argillaceous limestone, internally traversed by 
Teins of calcareous apar, that radiate irregularly from the 
centre to the circujciferenfe. i'rom the appeaniuce of septa 
or partitionB which this character confera, theae concretions 
are called Septaria : shells and other organic remains fre- 
quently form the nuclei of these nodulcB, which are extensively 
uaed iu the manulacture of cement. Many other argillaceoue 
strata contain concretionary spheroids of this kind : beauti- 
ful Bpecimens are obtained from the Lias and the Oxford cloy^ 
and are cut and polished for tables and other articles, ~' 
septaria are commonly disposed in horizontal lines, and lia 
at unequal distances Irom each other. Brilliaiit aulphii' 
of iron abounds in the clay, and permeates the septaria ani] 
many of the organic remains. Crystallized sulphate of lime, 
or seleoite, is also common in these and other argillaceous 
fltratft. The cuttings through Highgate Hill, to form the 
archway,— the excavations in the liegent's Park, — the tun- 
nels carried through a. part of the same ridge of clay a^ 
Primrose Hill, in the line of the Binninghani Bailroad,- 
the cuttings of the Great ^Northern, the South-western, ai 
other railways,— and the explorations by wells over the whole 
area around London, have brought to light such prodigioni 
quantities of organic remains, that the fossils of this deposit 
are almost universally known. The late Mr. Sowerby Ion* 
since called attention to these productions, the first plate ii 
his Mineral Conchologi/ being devoted to the nautili o 
the Highgate clay. Immense numbers of marine ahelli 
of extinct species; crabs, lobsters, and other crustaceans; 
teeth of sharks, and of many other genera of fishes ; bones 
of crocodiles, turtles, serpents, and birds ; leaves, fruity, 
stems of plants, and rolled trunks of trees perforated bj 
boring shells, — occur throughout these strata, but are located 
in greater abundance in some spots than in others.' 

Messrs. Welberell and Gdwsids have fine collections of the Hi^ 
gale fosaik. See Preslwidi, Quart. Goo\. Jwito.iA, ^, ■^, «l. 
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23. The Ihlb or Shepeet. — The Ifile of Stieppey ih en- 
"fcirely composed of tlie London clay ; and tbe thickness of 
■fche beda is npwards of 550 feet. It has Jong been cele- 
brated for its organic remaina ; and I may observe, that the 
*liscovery of seed-veBsels and stems of plants in pyritous 
«lay, in a visit which I made to Queenborough, when a youth, 
"tended to confirm my early taste for geological researches. 
The clifis on the north of the island are about 200 feet high, 
and consist of clay abounding in septaria, which are washed 
out of the cliifs by the action of the sea, and coOected for 
cement. The organic remains are, however, unfortunately 
80 strongly impregnated with pyrites, that the collector often 
finds the choicest fossil &uits in his cabinet, like the fabled 
apples of the Dead Sea, one day perfect and brilliaot, and 
the'neit decomposed and fidlen to pieces, leaving only an 
efflorescent sulphate of iron. A solution of isinglass in 
spirits of wine, applied as a varnish, is one of the best pre- 
servatives. The same species of animal and vegetable re- 
mains that are found in the blue clay of the metropolis are 
also met with in profusion in the Isle of Sheppey.* 

Fmita, seed-vessels, with stems and branches of trees of 
a tropical character, probably drifted by currents into the 
gulf in which the London clay was deposited, occur in such 
abundance and variety in the Isle of Sheppey, that the ex- 
istence of a group of spice-islands at no great distance seems 
necessary to account for ao vast an accumulation of veget- 
able productions. The seed-vessels are referable to several 
hundred species ; some are related to the Cardamom, Date, 
Areca, Cocoa, Cotton-plant, Bean, Cucumber, Acacia, Pepper, 
&ti.^ The wood found in the Sheppey clay is generally in the 
state of a pyritous lignite, with the ligneous fibres and circles 

• Sec Medalfl of Creation, vol. i. p. 175. 

t See Fiiciires and Deacripliona of the Fossil Fniils of the London 
Clay, byj. S. Bowerbank, Eh(i. F.R.S, ; and in Medals of Creation, vol. i. 
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of growth well defined ; it is often veined with brilliwit py " 
rites, and the fisBureB and cavities are frequently filled wit^ 
that mineral. It is rarely that any considerablu tii^is C 
thJB wood ia found free from the ravages of a spceies C 
teredo,* resomhling the recent Teredo navalU, or borer, whic ^^ 
inhabits the West Indian nad other seas. The shell^^ 
tubes sometimes remain, but their cavitieB, as weU as th^^*" 
perforations in the wood, are more or less filled up witC^** 
pyrites, indurated clay, argillaceous limestone, or calcareou^^* 
spar ; and specimens, when cut and polished, exhibit int«r- -"^ 
esting sections of these meandering channels. The structur^^* 
of the wood is generally well preserved.f 

*24. Uaoshot B4ND8 AND CLATs. — At Hifzhgnte aad^:^ 
ilamjiatead, Furbright and Prtmley Heaths, in Surrey, boc^ 
on Bagshot Heath, extensive beds of siliceous sands, with ^^^ 
middle group of clays and marls, occur, but they oontaiiz^*' 

very few traces of organic remains; the fossils hitherto ob^ 

served are principally casts of shells of Bracklesham species-'^^ 
In cutting through the summit of Qnldsworth Hill, fou^^* 
miles north of Guildford, on the lino of the London anc^^ 
Southampton Boilway, teeth and other remains of M Tenu-J 
genera of fishes were discovered ; the teeth of 
the palates of rays, were the most numerous. Teoth 
saw-fish (Pm^tii).and of several new genera of 
fishes, were also collected.} 

In many of the wastes and unproductive heaths around' 
London, the arenaceous deposits of this group form the sub- 
soil; and they constitute that picturesque spot, Hampsteati 
Heath, and cap Uighgate Hill aud the odjoceut heighttf- 
The beds of shingle associated with these sands, with tb*- 

• Mudula of Crcntion, vot. i. p. ]93, Lign.l>^. 

t For u portLculitr «ocou[it of the Iiland and iu foullB, age 
to tha UU ofShippen," in Me'liila orCreslion, tqI. ii. p. 83S 

X Sse Pioc. Qeol. Sua. vol. il. p. CST. Quut. Qool. Jouin. toL'1U.|l 
378. OBology of the lalu of Wijjlil, p. 59. 




e of the London clay, and with the Woolwich heda, have 
jnqueationably been derived from the ruins of the challc- 
Formation.* 

25. Natdbk oe aPitiHoa. — From the alternation of Bands 
tind other porous strata with stiff impervious clays, through- 
out the London basin, the metropolitan district is favourable 
for obtaining water by means of the borings termed Arte- 
sian veils, by which means perennial fountains are made to 
rise from the natural reservoirs in the lowermost beds of 
Band, and in the chalk. The nature of these -wells is easily 
explained. The descent of moisture from the atmosphere 
upon the earth, and its escape into the basin of the ocean by 
the agency of atreams and rivers, were noticed in the first 
lecture. The rain, fulling on a gravelly or porous soil, de- 
scends through it, until its progress is arrested by a clayey 
or impervious stratum, which thus forms a natural tank that 
receives the water, and a subteiranean reservoir or pool will 
be the result, according to the direction and configuration 
of the overlying bed of clay. This state of things will con- 
tinue, until, by an increased supply, the water rises above 
the level of the basin or channel, and either overfiows, or 
escapes through fissures in the rocks, to another level. If 
the course of the waters he subterranean, the h ids of slight- 
ly coherent atone are worn away, and chasms or caverns are 
formed ; 'hence the underground rivers and streams, of great 

■ Mr. PraHtnich, whoso indefatignblo and a.ble rcae&ruhcs hare Inrgely 
contributed to establisb correct views of the naturitl groopa of wliidi the 
British, French, and Belgian (eitiaries coninst, legaids the Bagabot sands 
us a triple seriea ; aiensceoua strata constituting the upper and lower, and 
uiriltaceouB beds the middle division : to tbie series be refers the sniids 
and clays of Bracklesliani, and the Calcaiie grosaier, with the underlying 
lands and shelly beds, of France. The geological character of the eocene 
series of the London acd Hampshire districls is that of an extensive ma- 
rine formation (part of the great Nummulitic series), with inlercalations 
of lluvialile deposits in the lower (or Woolwich) group, and passing inlo an 
estuarine and fresh-water condition in the upper (Isle of Wight, fluvio-ma- 
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eitent, which occur in many plaoea (p. 56) ; but, if t\ 
water find ita way to the surface, a spring burets ibrti":::^^' 
This ia the nature of aU springe, except those which aris "* 
from very great depths, aucb for eiample as the therm a - ^' 
watera of many countries ; these probably originate frou^^*"* 
the condensation of steam, evolved through fissures by vol— —- ' 
canic agency. Streams impregnated with the mineral Hub — •"■ 
stances contained in the strata through which they flow 
called mineral waters. Those in the tertiary strata e 
Epsom contaiu sulphate of magneeia, whence the name oB 
Epsom salt, given to this substance wherever it occurs.* 

26. Abtebiaic wells. — But pervious strata frequentlj" 
alternate with others which are not so ; and they, likewise, 
form basins, the areas of which are partially filled with claj^ 
through which water cannot pass : in such a case it is ob- 
vious, that the sands beneath the clay, fed by the rain which 
descends on the uncovered margin of the basin,- must con- 
stitute a reservoir, and the water gradually accmnulate be- 
neath the central plateau of clay, whence it cannot escape. 
If this bed of clay be perforated, either by natural or arti- 
ficial means, the water must necessarily rise to the surface, 
and may be thrown up in a jet to a considerable height, 
which will depend on the level of the fluid in the subterra- 
nean reservoir ; such is the phenomenon observable in the 
Artesian wells in and around Londoa, Argillaceous strata 
are generally found to be dry within, and the blue clay con- 
fines the water containfcd in the sands beneath ; the engineer 
therefore perforates the clay, introduces tubes, and taps the 
natural tank, and the imprisoned watera rush to the surfece j 
by this method perennial fountains have been formed at 
Tooting, Hammersmith, Pulham, &c.t 

" See DDtei an the Geoloej' of Siurey, in Bn;1e;'8 Hiitoiy of Uut 
county, 

t Consult Dr. Burlcland's BiJdgewster Esda;, p. 5G1 ; uid Mr. Pnat- 
wich's admirable work on the Water-bearing Slrata of London. 



The wells simk into tlie London clay {Lign. 37, 1, d, d,) do 
aiot yield pure water ; but the sandy atrata alternating with 




the clays aflbrd a supply, the q^uautity and quality of whiah 
depend on the nature of the rock. The borings which reach 
the sands beneath the plastic clay (Idgn. 37, 2, c, o) fiiraish 
good aoft-water ; but the weLb that extend to the chalk 
(Zagn. 37, 3, a, b, b) obtain the most copious springs, the 
water often rising to the surface in a perennial fountain.* 

The wells in London vary in depth from 100 to GOO feet ; 
but the total thickness of the clay in some places is estimated 

' Ab the vhile chalk, into which the Artesian borings in London ue 
generally carried some Iwenly or thirty feci, is not a retenlire rock, but 
on the contrary is so porous that Dot a natural pool or lake is to he found 
throughout the chilk-iIisliicU, except under some peculiar local con- 
ditions, a few words must be added, to explain this anomaly. The cAalk- 
raarl, which ia the first retentive bed of any considerable extent in the 
cretaceous formation, lies at a depth of many hundred feet benealli the 
bottom of the London basin, and therefore could not, in ordinary con- 
ditions, form a reseiroir that couid ha reached by orlilicial means, if the 
strata were either horizontal, or lying inclined in a direction from the 
central plateau of London ; but the surface of the chalk forms adee|) Iruugh, 
in -which the London clay IB situated, and thus the drainage from the 
surrounding chalk-hills flows into the centre of the basin, and famishes 
as almoet inexhaustible reaetroir. I need not add, that attempts io ob- 
tain water by Artesian borings in any chalk -district, where the strata are 
horizontal or Inclined, will fail, unless the beds immediately upon (he 
e/uM-maTl could be reached. The borings for water near Soutbamnton 
exemplify these remarks. See the Gtahgy of the ItU aj W^U.-'i.^lv.. 
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at nearly B, thousand feet. The most remarkable initanec 
of BttccesH in obtaining a perennial fnnntam feoai a. deep 
sourue, by the process of boring above des<;ribed, is the 
Artesian well at GrenoUe, near Paris, which was carried 
through the entire series of the tertiary and cretaceoia 
strata, down to the greensand,; a depth of 1800 feet ! The 
water rose in a powerful column to the height of thirty feet 
above the highest part of Paris, and bad a temperature (£ 
91° Fabrenheit, being sufficiently hot for warming § 
houees, &c. See Appendix Q. 

27. The Hampsuike babiit. — The upper series in the 
London basin does not present an alternation of i 
and fresh-water deposits, like that of Paris ; but in Hamp- 
shire and the Isle of Wi^ht, there is an extensive suite of 
upper eocene tertiary beds, composed of freab-water day^ 
sands, and limestones, associated with marine and eBtuarine 
strata. On the east, a small outlier of the lower beds of tb« 
Woolwich series appears at Castle Hill, near Newhaven, in 
Sussex 1* and to the west of Brighton, the London clay 
rises to the surface, and forms the subsoil between the 
Downs and the sea-shore. The inland boundary of these 
tertiary strata stretches by Chichester, Emsworth, and 
Southampton, to Dorchester; and the tertiary clays and 
sands are spread over the whole area of the New Forest and 
the Trough of Poole, being flanked by the chalk on the north, 
north-east, and north-west, and open to the sea on the south. 
The Isle of Wight, though now separated from the main- 
land, is a disrupted mass of the formations of the south-east 
of England ; the chalk-basin having been broken up, and the 
cretaceous strata, with the superimposed sands and clays, 
thrown along a certain line into a vertical position. This 
phenomenon is strikingly displayed at the north-west e 
tremity of the island, at Alum Bay, and in the eaatem, at 
Culver Cliff and WhitecUff Bay. 

" Geology of the South-Easl nf Englnnd, p. t 



28. Alum Bat .•—Alum Bay, so ejilletl from the alum 
formerly extracted from the dei^omposing pyrites with which 
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the clay ohounda, ia well known to the visitors of the lale 
of Wight. This eketch {Lign. 38) presents ft general out- 
line of the bay; a indicates the vertical chalk; h, b, the 
tertiary strata, consisting of sands and claya of an infinite 
variety of colour, includiog green, yellow, red, crimaon, 
rusty, white, black, and brown. The appearance of these 
cliffs is well described by Mr. Webster, whose memoir 
on the strata above the English Chalk t formed a new era 
in British Geology, and raised our tertiary series to an im- 
portance equal to that of the Paris basin. 

■ FoT Uie details of the section ntTonlGd b; the diffa of Almn Bay^ 
the BCudent will have to refer to Mr. Prestwich'a Memoir and plate in 
the Journal of the Geolopcal Society, vol. ii. ; and especinlly lo the lately 
published part of the Memoirs of the Geological Surrey, in which the 
fluvio-niarinB Berieaii fully treated of hy Prof. E. Forbes, and where both 
theae beds and the marine tertiary depoBiti are enomerBled by Mr. 

t Geol. Transai't. toI. ii. p. IGl. 
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■' The clny Bnci annd cliff* of Alum Biy," he Mj*, " Rfford one of tt^* 
DioBt intorMting naluriU Bncliona that can well be imagined. Thoy exlul' 
the actual sLate of the strnU immedulely over Iho chalk, befure tf*-.^ 
change look place la tho pDaition of the latter. For, although the bed* ^^*^'| 
which they are coinposed are quite verljcal, yet, from the m 
riely of their composition, fiom the great reguUritj and ai 
nations of the layers, no one who has viewed Ihen with atlcDlio] 
doubt that they have Buffered no change except that of having been m 
with the chalk, from a hurizoDtal to a vertical position." 

29. Lower tebtiakt stba.ta. op the Hampbhibb babim""""- 
— The London clay eiteuda tbrougliout a, great portion orf^ 

the areit of the HampBhire bflBin, its peciiliaj" foflsils abound- 

ing in raony locaUtiea. Castle Hill, near Newhaven, whichr^'^^ 
has been already mentioned as an isolated portion of th^^s 
Woolwich seriea, is made up of sands, marie, and clays, witlr^ ^ 
beds of oyster-Hhella and shingle i these deposita form the^^ 
upper part of the hill, and rest upon the chalk of which th^^^ 

lowermost fifty feet of the cliff are composed," The »uhmtl 

phate qf alumina (Web8terite),t a rare mineral, occurs in th^^^ 
ochraceous clay which is in immediate contact witb thes?^?^ 
chalk. Selenite, or crystallized gypsum, abounds in the^^^ 
marls ; and there is a layer of lignite, a few inches tliirlr..»i - 
containing impressions of dicotyledonous plants.f The clayi^^^ 
abound in marine and fresh-water shells ; some of the layer**^* 
being aggregations of compressed shells, held together by" "" 
argiUaceouB earth. § The oyster-bed, where pebbles enter" " 

into the composition of the concreted masses, closely resem 

bles the Bromley conglomerate (p. 231). I have collected a——* 
few teeth of sharks, and a series of eight vertebrro and 
dorsal ray of a fish, some fifteen or twenty feet long, 
the ironstone abounding in cyclades and other shells ; thii 

■ See Geology of the South Downs, p. 2G1. 
+ Brilisli Mineralogy, Tab. 499. 
t Faults of the South Downa. PI. viii. Hga. 1,2,3, 4. 
$ Two species of Potamidei, and one of Cycha (both ftoah-waier ge- 
nera), are the prevailing fotma. 
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fish ie eridenth- a speciea of Ptgckodtu. a genua hitherto 
only knoirn in 'the Chalk. At Chimting Castle, near Sea- 
ford, on the eastern escarpment of the railey of the Ouse, 
oiive-green sand and a ferm^nous conglomerate of chalk- 
fitnts lie apon the chalk ; proving the iiirther eastward ex- 
tension of the tertiary beds along the Sussex coast.* 

The chalybeate hilt, at Hove, in the western port of 
Brighton, consiflts of an outlier of the Woolwich beds ; and 
proceeding towards Worthing, the London clay is perceived 
emerging trom beneath the drill, which contains the remains 
of elephants and other mammalia. On the Bognor coast, an 
arenaceous limestone, full of the usual shells of the London 
clay.t constitutes a group of low rocka which in another cen- 
tury will probably have entirely disappeared. The beauty and 
variety of the fossil shells, particularly of the nautili, and of 
the fossil wood perforated by teredines, render them objects 
of considerable attraction to the amateur collectors, who visit 
that favourite watering-place. 

In the blue clay at Bracklesham Bay, on the western 
coast of Sussex, fossil shells may be obtained at tow water in 
profusion ; J and this locality has afforded many remains of 
fishes and reptiles of great interest, and which are figured 
and described in the work of the late I'rederick Dixon, £aq.§ 

• Geolugy cif the Soulh-eBst of Eagland, p. 62. 

t Fossils of IhG feouLh Downs, p. 271. 

I Bratklesham Bay, on Lha wt-sLem coaiX of Sussex, ia buuncied by a 
low cliff composed of blue day and greon sand, full of fuiuil shells, fialies' 
teelfa, and other remains. For a particular account of tliia produ<jtira 
leniai7 locality, see " Excvraioit to £racklnhani Bay" in the Medals oi 
CieatioD, vol. li. p. B44. For notes oa ilie Geolog; of the coasts of Sussex 
and Hampshire, and fui full descriptions and satisfauluty figures uf the 
Tertiary (and Chalk) fossils of that district, the student must tonnull 
Diion'a heButiful work, 4to, B»hn, London, 

{ These foa^ls are now in ihe Britiah Museum, Mr. Dixon's colIeO' 
tion having been purchased by the Irusteea, al\cr hia death, fur the lunl 
of £500. 






242 THE WONDEH8 OF GEOLOGY. 

Hordwell and BEuton Cliffs, in Hampshire,* have long bi 
celebrated for similar fossils ; and sheila from these localitii 
are to be found in almost everj collection of organic »>■ 
mains ; but these strata have yielded to the recent rcaearcbs 
of the MarcbiooesB of Hastings, Mr. Searlee Wood, Mr. P>1 
Falconer, and others, relics of much higher import i namely^l 
several new genera of mammalia, and species of Crocodi' 
Ophidian, and Chelonian re[>tilea. 

30. FEESH-WiTEB TEBTL4ET BTEATA OP THK IbLS I 

WiHHT. — The peculiarity of the eocene atnita of the Isle o 
Wight, as compared with those of London, consists i 
lacustrine and fluviatile character of the upper sej 
posits, which are superimposed on marine' strata identica 
with those of Barton and Braeklesbam. These fresh-^ 
and estuarine beds consist of marls, sands, and limestone^ 
containing abundance of river and lacustrine shells, and a 
mammalian bones and teeth belonging to some of the extinetfl 
Anoplotherioid genera found also in the Paris baain. Thi« A 




series is spread over the northern districts of the Island 
forming the coast-line from "Wbitecliff Bay to Headon Trill 

" These cliffs are described in the Geology of the lale of Wight, p. IM. 
Mr. F. Edtrarda' Monograph of Lhc Eocene Mollueca of England {P^ 
/confograptiical Society ) U llie tmi-j-woik tliat comprilseB all the fomi 
BhellB of lie London and Ham'^a^u.iB leiVutnea. 
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m Alum Bay. The relative position of the fluviatile and 
marine eocene strata in shown, in lAgn. 39 : strata, the equi- 
Taleuts of the Bognor rocka, London tlay, Bracklesham clay, 
and Bagsliot sanda, appear in a vertical poaition throughout 
the entire extent of Alum Bay, from the white ehaJk (I), to 
the foot of Headon Hill (7) ; and are succeeded by the mixed 
treah-water and marine deposita (8). 

Still higher membera of the fliivio-marine aeries were re- 
cognised by the late Prof. E. Forbea at Whitecliff Bay and 
Hempstead Chff. These are, 1. (highest) the Upper, Middle, 
ajid Lower Hempatead beda (freah-water and eatuarine alter- 
nating) i 2. the Upper and Lower Berabridge Marls (fresh- 
water above, and chiefly eatuarine lower down). The Bem- 
bridge limestone underliea these marU ; and is best studied at 
Foreland Point and "WhiteclitF Bay, where it forms the rocky 
reef known as Bembridge Ledge. It ia quarried here, also 
at Binstead, near Eyde, and at CaJboume and Shalfleet. The 
several beds of this limestone abound with freah-water ahella 
(see Liffn. 41); and land-aheUa are found equaUy abundant. 
Both the Hempstead and the Berabridge aeries of depoaits 
have yielded foaail plants and seeds, remains of turtles 
{Trionyx incratgafu^), and bones of palaeotherian mam- 

31. OeOAHIC KBMAIN8 OP THE EOCENE STRATA ; TOSSIL 

PLANTS. — So numeroua are the rehca of the inhabitanta of 
the ancient lands and waters entombed in the strata we have 
thus cursorily surveyed, that I can only offer a very brief 
account of the organic remains. T will select a few of the 
fossils of the Paris basin as typical of the zoology of the 

■ Tbese strata, and the most inl^resling foseils hitherto discorered in 
the Iile of Wight, ore described lUid illustrated in the " Excursions roond 
the lale of Wight, Ac." 3rd Ed. IS54. See also the Memoirs of Iha . 
Geological Suryay, I8li6, for the imporlant memoir (chiefly by tlie hUtt. 
Prof. E. Forbea) on the Flutio- marine Upper Eocene de^ow.laot'JMi'Vi«i| 
of Wight copioaaly ilJaalrsted with maps, sectiotva, ani \i\W«». 
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older tortittry epoch, and notice Biieh othora from Britii'li 
localitiea as may be requUite for the eluoidatiou of il"' 
aubject. 




PIcotylodonouB wood occurs in cooBidirable abiindaneei 
in tho state of largo trunks and branchoa, which sppenr to - 
hftvo been drifted far out to sea, and are full of perforatiou. 
enclosing shells of boring molluBoa. The strata around Loiu- 
don and in the Isle of Sheppey abound in specimeua of 
kind. Leaves and stems of, palms have been found in 
Paris basin, in the Isle of Wight, and in Doraetshire ; 
the trunk of a tree rebted to the palm, nearly four feet isi 
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diameter, at Soissons. Fruits belonging to trees allied to 
"the pine, fir, b.reca, cocoa-tree, &c, have been discovered 
several localities. The abundance of fruits, of numerous 
genera, belonging to hot climates, that are accumulated ii 
Isle of Sheppey • has already been mentioned (p. 2.33). Beds 
of lignite or hrovm-coal occur at Woolwich in Kent, Corfs 
in Dorset, Bovey Tntcey io DevonBhire,t and in Tar 
parts of France, the Uetherlands, Gierniaay, &c, 

32. AiiBEE. — The beautiful substance ho remarkable for 
its electric properties, Amber, is a production of the ter- 
tiary epoch, and is highly interesting in a geological point of 
"riew, from its containing insects and other organic bodies. 
Tbe Amber in common use is chiefly obtained from sub- 
marine beds of lignite in Prussia, and along the coast of the 
Baltic ; this substance being washed up by the action of the 
sea, and drifted on the shore. It is a fossil resin, the pro- 
duct of an eitinct species of pine (Finua sur.einifer). In. 
sects, spiders, small crustaceans, leaves, and fragments of 
vegetable tiasue are imbedded in some of the masses. Tip. 
wards of 800 species of insects have been obseri'ed ; most of 
them belong to species and even genera that appear to be 
distinct from any now known ; but others are nearly related 
to indigenous species, and some art; identical with existing 
forms, that inhabit more southern climes. 

The forests of Amber-pines (Piniteg »uccinifer) were in 
the south-eastern part of what is now the bed of the Baltic, 

■ Ab the eeed-ressela and otber TEgelable remains in the IsIeofShep- 
pi!v B.ro all oC a tropiCBl character, while Ihoee found in tiie eocone slrala 
of Alum Baji, Hotdwell, Eouraemoulh, and Newhnven nre apparantlj 
or a temperate climnte, aa Nerium, Flatanua. Ac, Prof. E. Forbes infeni 
that the former were transported from distani lands by oceanic currents, 
and that the latter belong to the indiKenoua flora of the CQunlries inha- 
bited by (he Palsotheria and associated mammalia. See also Dr. 
Hooker'B note on tbe Plant-remains from Reading, Joum. Gaol. Soo. Td.' 
X. p. Ifi3. This quealion is Rlill open for futlhtY ri\\c\4B.*i!3ii. 
r- t See -MedflJs Df Creslion, vol. i. p. li. GeoV io-aTO.MSi.-iS^-^.WA 
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itt about 55" north latitude, and 37° — 38° east longituda. 
The different colours of amher are derived from local chemii 
cul admiiture. From the fragments of vegetable i 
frequently contained in the amber, it has been ascertained 
that the amber-pine forests contained eight other species rf 
Coniferoua trees {Abietines), and several Cypresses, Tewa|, 
and Junipers, with Oaks, Poplars, Beeches, Ac. ; altogetbet 
ninety-eight recognizable speciea of trees and shrubs ; con- 
stituting a flora somewhat of a North American character. 
There are also some ferns, and niunerous mossea, fungi, i 
liver-worta.* 

33. ZooparTES. — Polyparia, or corals, and other zoo^ 
phytea abound in some of the marine strata ; but the speciea 
are Dot very numerous in the British series. Several kinds 
of flabellum, turbinolia, oculina, and other corals, are figured 
and deaeribed by authora.f The modem tertiary deposits- 
(those of Palermo for example) abound in various kinds o 
fliistriB and sponges. The bryozoiferous strata of the Crag" 
are almost wholly made up of a few forms of Tubuliporidtt' 
(p. 22*). 

The elegant little Lithanea Wehsteri was found at Brack- 
leaham in Susaei by Mr. Bowerbank. Some of the tertiary 
strata of North America abound in corala.J 

34. Shells op the tebtiaet strata, — The shells of 
the tertiary epoch already determined by naturalists amount 
to nearly three thousand. We have seen that some of 
strata are almost entirely co-oipoaed o( these remains i 
broken and compressed state, and many seams in the argil- 
laceous beds consist of shell-diiet. In some localities the 



■ Proffjasot Gopperl, Quart. Geol. Joiim. vol. i. pact 2, p. 1. 
t Seethe highly ill iMtraled MoaQErapli ™ BHii-^h Fossil CortOa, by, 
MM. Milne Bdn-iTdfi and J. Haimo (Falsont. Soo.). 
JfJoartfJeol. Journal, yol.i, p. W5-,RcipnciQn (he Corals and Biyoio*^ 
'^" " leond Miocene Btis.laofSonCtt h.iae™»i,Vilfc,\OTiad»le. 
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sliellB are finely preaerTed ; and the calcaire groHBier at 
Grignon and Daniery, a few leagueB from Paris, has long 







been celebrated for ita beautiful fossils ; hundreds of eocene 
species have been collected from one small area. Many of 
the species also abound in the London and Hampshire ba- 
Bina, as at Highgate, the Isle of Sheppey, Hordwell, Barton, 
Alum Bay, and Whiteclxff Bay ; and at Bognor and Braok- 
leeham, on the SuBsez coast. 
|ftj;I have selected a few specimeos to coirife^ Mv\&Ra. ^X.'*^ 
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usual characters and appearance fLiyn. 41). Although, m 
mentioning the names of these shellB, I do not expect that 
any but the scientific inquirer w-iU endeavour to fix them on 
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the memory, yet it may be -uaefol to point out the forn»t 
which prevail in theso tertiary beds ; for, as particular fo»- 
ails are confined to certain strata, the experienced observd, 
can often, at a glance, determine the relative antiquity of ft 
deposit by an examination of a few species of shells. Tl 
whole of these forms must be familiar to you, as they b 
long to genera which swarm in our present seas. The Cy 
pr(Ba, or 'Cowry {Lign. ii\,Jtg. 1), and the AfteiUa,or Olin 
(^. 2), are well-known types. The Cerilhium (Jig. 4) b(» 
hoga to a genus most abuadant in the sands of the Part 
bauiu, #ad is remarkaUe for t\\o e\e%Kac» wai nm\i^'j ^AiJl 
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fossil species, which exceed by four times in number their 
Hying analogues. The CeritTimm pffonteum attains a con- 
siderable magnitude. Some masses of the Bognor rock are 
almost wholly composed of a species of Pechaiculuf {fg. 8). 
The Amptdlaria {Jig. 7) is abundant at Grignon, and com- 
monly in a beautiful state of freshness. 

It has already been observed, that the shells of fresh-water 
moUuaca possess characters by which they may be distin- 
guished from marine species. This small selection {Lign. 
42) from the fresh-water beds of Paris will serve to illus- 
trate this remark. The genera! appearance of these shells 
will remind you of certain kinds which inhabit our ponds 
and rivers; particularly the large tbin snail {Limnrea* Jig. 
S), and the diacoidal shell (JPlanorbia, Jigs, (i, 7, 8) ; while 
figs. 3 aud 4 {CgclostoTna) resemble a species that inhabits 
the dry land, generally of Chalk districts. At Headon Hill, 
Binstead, Calboume, &c. in the Isle of Wight, the clays and 
limestones are full of fresh-water shells.+ 

35. PoBBiL NATFTiLue. — Several species of Nautilus are 
found in the tertiary strata at Highgate, Sheppey, and Bog- 
nor ; those enclosed in the septaria, or indurated argil- 
laceous nodules, of the London clay possess considerable 
beauty, and admit of being cut into sections, which admirably 
display the internal structure of the original. I shall defer 
aa explanation of the mechanism of these shells to the sub- 
sequent lecture, when other genera of the same order will 
come under our notice. The large splendid species JVau- 
tilus imperialis, of which hundreds of specimens have been 
collected from the cuttings at Highgate Tunnel Jud the 

■ The Limnaa and Phaiorhii are generally joint inhabitant of oar 
poojB and stream?. They are pulniDniferpuB, that is, possess air-breath- 
ing organs ; "hence they are obliged fte-quenlly to riae to (he auriace of the 
water lo respire the air. — See Piale I. of the Geology of (Ae Itle iff I 
WufAt. 

t See Mr. F. Edwards' Monogr. Eocene Mo\Uat».,?tABnm*...%tia.-, 
Uemoin Gaol. Barvey, 1856. 
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recent railway excavations, ia figured in Mr. F- Edward*' 
Moaograph above refttrred to, and in Sowerby's Minertl 
Coucbology ; a work which contains coloured representtR' 
tioQB of a great number of the l^ritieh tertiary shells, I 
will only partieulariae a rare and elegant species, discoverH 
by Mr. "Wetherell, of Higbgate, which ia here figured of tT 
natural size. 



«*• 



This shell is remarkable for the peculiar character of fcM 

ae^ta or divisions, as expressed in the specific name \ thf 
aiphuneulus extends along the inner margin. The septi 
are distinctly seen in consequence of the external layer at 
the sheU. having been defltroyed by decomposition. 

36. NUMMULITES: AND OTBER POBAMIN IFEBA. Tilt 

fossils called Nummulitet (from their resemblance to a coin) 
belong to those eitremely minute forms of animala whicll 
are termed ^raminifera,* from the septa of the shells of' 
many of the genera being perforated all over with openingl 
or foramina. 

The Nummulite, which is the largest of this order, is of 
a lenticular, discoidal form, and varies in size from a men 
point to an inch and a half in diameter. The outer aurlaca 

* PictoHal Alias ofOrgoiiLi: RcmBina, p. 143, 18Q, pUtoa 61 tad G% 
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is generally emooth, and marked with fine undulating lines. 
On aplitting the ahell traaavereely, it is found to consist of 
several coila, which are divided ioto a great many cells or cham. 
bers by oblique partitions {Lign. 4:i,^ff. 1). The specimenB 
figured in Liffti. 44 are from tbe limestone whieh uonstituteB 






* 



the foundation-rock of the Great Pyramid of Egypt, and of 
which that structure is in great part composed. Strabo 
alludes to the nummulitea of the Pyramids, under the aup- 
positioa that they are lentils which had been scattered about 
by the workmen, and had hec-ome converted into stone. 
This polished pebble from Egypt is a silicified mass of num- 
mulites, the markings on the surface being eectione of the 
eaclosed shells. 

The nummulites * are widely diffused through some of the 
aneient tertiary deposits, and form entire chains of calcn- 
reouB hills. They constitute immense beds jn the Alps 



I 



254 THE WOSUEBS OF QEOLOGY. Lijr.lll. 

of which are figured and described by Mr. Parldnaon • and 
M. Brongniart.t In. the tertiary limestone of Malta a speciefl 
of Crab occurs in great perfection, as exemplified in the 
speyimen before us {Lign. 46), The minute cruataceiins, 
termed Oyprides, which swarm in our pools, lakes, and streamn 
of fresh water, are abundantly distributed in aonie of the 
tertiary fluviatile deposits ; f aad their congeners, Ogtherr, 
Slq.., iu the marine bedd. 




Fisliea of ihe Jh-liaty Epoch. The fishes that have been 
collected from the various groups of tertiary strata eompriw 
many hundred species, belonging to all the eiiating orden 
and families ; but some of the most ancient forms either do 
not occur, or are but feebly represented, § Nearly two hun- 
dred species are figured and described by M. Agassis in his 
splendid work on fossil fishes ; of which between forty and 
fifty belong to the universally distributed family, the Sharks. 
Teeth of various genera of this voracious tribe are found in 

• Organic Remains of ■ Fonner World, vol. iii. ( Fictorinl ADu, pi. 
m, Rgg. 1, 3. 

t Hiatoite Nat. Cnisl. Fobs. pi. 6, llga. 5 and 6. 

t MedaJB, vol. ii. p. 527. Jones, Monog. Tert. Entom. 1856. 

{ See Genealogical tabic at the cl&sa Fiahea, in M. Agoawi's " Hf- 
cAereAet lur tei Paiuotu Fotiitei." 
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abundance in numerous Britiah. localitiea.* In the Crag, 
teeth of enormous siee {Carcharodon) are often met with ; 
and the same apecies occurs in the tertiary of Belgium, 
Maryland, and St. Domingo. The teeth of several genera of 
the &ay family ahound in the clays of Brackleaham, Hord- 
well, and the lale of Sheppey. The jaws, covered with their 
dental plates, or teeth, of several species of the Eagle-rays f 
(^Myliobatis) occur in the same localities ; and the maxillary 
bones, with their tubercles, of those extraordinary fishes 
the Ghim<eToiih have been found in a remarkably fine state 
of preservation at Brat-klesham Bay, Highgate, Isle of Shep- 
pey, Ac.} 




The swarms of fishes in the strata of Monte Bolea and 
of AW in Provence have been already noticed, and we shall 
again refer (pp. 264, 269.) to these interesting localities ; I 
may add, that a gigantic Torpedo has been discovered at Monte 
Bolca. One of the few existing species of fish known in a 

• MedalBofCreation, vol. ii.p, Sill; Pictoria.1 (i.\,\aB,-^\."i1- 

t Medals ol" CreslioD, rol. ii. p. 598. \ Vii\&,.-^.^«»- 
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lusBil state is the little Maltotua villo*u», thnt inhabits the 
shores of leoland, and of wliioH fossil specimens ocuur 
uoduloa of iudurated marl along the coasts of that island. 

Ab a couciae eipression of the Ichthyology of the t«rti»ry 
epoch, it may be stated that the foaai] fishes approach ' 
their oharactera to the living geneni, hut ell the species m 
extinct. The uewer tertiariea, as the Crag, contain geneni 
common in tropical seas, as the large sharks {Carchariai) 
and eagle-rays, &u. In the eocene or most ancient, u the 
London and Paris basin, Monte Bulca, &c., one-third of tlie 
lohthjoUtea belong to extinct genera. 

89. Rhptii-ks 01- TUK TfiiiTUBt Epoch.— The reptibof 
the Tertiary, like the mammalia, fishes, and other claweaof 
animals, more nearly ap[)roach the recent types, than tbo 
fossil reptilians of the more ancient strata. All the ordew 
now existing have representatives in the deposits uf tbia 
epiKjh. In the eocene beds of England, remains of alli- 
gators, cfocoJiles, and serpents have been found in nwDy 



localities ;t and of the turtles or chelonians, deta^rhed bouei U 
of terrestrial tortoises, and of fresh-water and marine turtles; ■' 

■ Medula uf Crealiun, vul. ii. p. B31. See I'icIeL'a PuUonl. Mid Bruim') 
LitA. for remit Baliea. 

t Sue Dixun'n FomiIb of Sunsex, &c.i nrid Owen's Muuogiaph uf iht 
Eouena HeplUea ofEngUud (Fsleonl. yoo.)' 



many entire specimena of the carapace and plflstron have been 
obtained from Sheppej and HatTricb. Some beautiful eiam- 
plea bave also been met with in the Isle of Wigbt.* The 
upper jaw of an alligator (A. MantoniensU), with the teeth, 
was found in Hordwell Cliff (L'lgn. 48) ;t and in the clay near 
Lymington I dispovcred many bones of a crocodile ; J Lady 
HaatingB obtained a perfect 
akull and other parts of the 
skeleton of a crocodile from 
the same locality. 

In the miocene strata of 
India, Dr. Falconer found, 
with the coloBBol tortoise (p- 
IGi), bones of other cbelo- 
niana, and gaviala that could 
not be distinguished from 
those of apeciea now inhabit- 
ing India. The lacustrine 
liepoaitof (Eniugen (p.268) 
has yielded speciniens of se- 
veral species of large extinct 
aalamanders. 

40. Fossil bihds. — In 
_ the gypseous building-atone 

mwTMiiiTKB of Mont martre,Cuvier found 

many bones posaesaing cha- 
racters peculiar to those of hirda ; and alter much research 
be waa enabled to determine several fossil species, related 
to the pelican, aealark, curlew^ woodcock, buzzard, owl, and 
quail. In aome examples there are indications of the fea- 
thers and of the air-tubea. Sometimea the skeleton is want- 

• Geology of ihe Isle of Wighl, p. 80. 

t London Journal of Geolo^ acd PBlieontalogy, plHle 1 ; and Oircn, 
Palsont. Mnnog. IS50, p. 42, pi. 8, Rg. 2. 
: Geologi- ofthe hie of Wight, p. 118. 
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iiiil, nn*! ■> [K'Hivli^ of n dikrk brown anbstnnce alone poiott 
out tlit^ toufigunttion of tbo ciriKJtial (Lyn. 4i>). Thole^ 
licitit's iif a large bird (_Oa»tornu Parttiottu), probably allied 
Ui the- Wadore. have been of late diacovervd in the lover- 
nn*l tertiary binU of the Paria basin.* Threo or four ip** 
cimctm of irmuinx of birds have been found in th« London 
clay. Nut only nru the skeletons and feath(.-rs of birdi 
found in the tertiary atrata, but even the eggs of sqiiadc 
itpnciea otx-ur in thtt lacustrine limeatone of Auvci^C' ; thuw 
have probably beun fortiied in looae catou-eous debris uloDg 
the borders of the lakes, in like manner as the eggs of tut- 
ties incrustod iu the modern travertine, on the shores of tlie 
Lsle of Aaoonaiun (p. 89), and eg^ of snakea in the fresh- 
water limeatuue of Uerniauy. 

■tl. FosBii. uAUUALii OF p4nia. — We have neit to con- 
sider the fossil remains of the mammalia whose ^keletuos 
were entombed in the mud of the waters whieh formerly 
oi»;u{)ied the site of the metropolis of France and the but. 
rounding country. The gypsum-quarries which are aprwid 
over the flanka of Montmartre had long been known to 
atTord fossil bones ; but, though specimens occasiouailj- nt- 
tracted the notice of the naturaliats of Paris, and colleetJajis 
wore formed, no one appears to have suHpected the nune of 
wnndera which tho rocks contained, until the curiosity of 
Baron Cuvier was awakened by the inspectioa of a large 
collection of these bones, alber he had successfully appli«i 
the laws of comparative anatomy to the investigation of tia 
fossil elephantine mammalia. He bud previously paid but 
little attention to the partial accounts of fossil bones fuuuil 
in the vicinity of Paris, although in 1768 M. G-ucttard biul 
tigured and described many bones and teeth. 

Cuvier now, however, perceived that a new world was 
' ■ s re8ean.iheB, and he soon obtained an extensive 
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collection, and found himsolf, to use his own eipreBsion, in 
an ancient chsfnel-bouse, surrounded by a confused mass 
of mutilated skeletons of a great variety of animals. To 
arrange each fragment in its proper place, and restore order 
to these heterogeneous relics, eeemed at first a hopeless 
task ; hut a knowledge of the immutable laws by which the 
organisatioa of animal eiistenee is governed soon enabled 
bim to assign to each bone, and even fragment, its proper 
place in the skeleton ; and the forms of heinga hitherto un- 
seen by mortal eye arose before him. " I cannot," eiclaimed 
the illustrious philosopher, in all the enthusiasm of success- 
ful genius, " eipreas my delight on finding how the appiica- 
tion of one principle waa instantly followed by the most 
triumphant results. The essentinl character of a tooth and 
its relation to the skull being determined, immediately all 
the other elements of the fabric fell into their proper places ; 
and the vertebrs, ribs, and bones of the legs, thighs, and 




feet seemed to arrange themselves even without my bidding, 
and precisely in the manner which I had ptedicteA." "Pws 
princifJes o£ comparative anatomy eTY\mcia.tti '\a &a "^^e^ 
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yiouB lecture will hare prepared joufor this resnlt; audi 
need not dwell on the application of the laws of con;eiUaoii 
of structure by which the Mnm^^lii of the Paris tertiaiies hsre 
been brought to light. This group of figures (JAgn. 00) 
from CuYier*8 restorations is indeed a splendid aduerement 
of Falttontologj.* 

The examination of the fossil teeth at once showed fhii 
the animals were herbiyorous, the enamel and vrcaj beiif 
disposed in the manner already explained (p. 141) ; the 
crown of the tooth is composed of two or three simple 
crescents, as in certain padiydermata ; thus <liflwinng from 
the ruminants, which have double crescents, and eadi four 
lines of enameL Following out the inqniry, GuTier at lengtt 
ascertained that a great proportion of the bones and teetit 
belonged to two extinct genera of pachyderms, related to 
the tapir, rhinoceros, and hippopotamus. 

Every one is familiar with the forms and habits of the 
last two animals; but the tapirs are not so weU known; 
they are a family of pachyderms confined to Sumatra and 
South America. The Malay tapir, a stuffed specimen of 
which may be seen in the British Museum, sometimes at- 
tains eight feet in length and six in circumference. It has 
a flexible proboscis, a few inches long ; its general appearance 
is heavy and massive, somewhat resembling that of the hog. 
The eyes are small, the ears roundish ; the skin is thick and 

* The outline-sketches above given are serriceable to the student at 
his desk ; but we now enjoy the adrantage and pleasure of seeing in the 
gardens of the Crystal Palace substantial restorations of the external 
forms of these and many others of the ancient mammalian and reptilian 
denizens of the earth, including the Great Deer, the Paleotherinm, the 
Megatherium, the Iguanodon, Hylseosaurus, Megalosaurus, Ichthyosaurus, 
Plesiosaurus,Teleosaurus, Pterodactylus,Labyrinthodon,and Dicynodon. 
I2 is to the artistic genius of Mr. Waterhouse Hawkins, aided by his oim 
knowledge of natuTal forms, an^\x^ ^i^t^ONveii'a intimate acquaintance 
wUh the stmcture of these ex\me\.«oSaii^\^v^«vNiHs^^^\M^ 
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firm, and covered with stout hair, and the tail is short. It 
iahahits the banks of lakes and rivers, and has been ob- 
served to walk under water, but never to swini. 

42. Pai^sOthebia and Anopiotiibeia. — It ia uuneces- 
eaiy to eater at large on the structure and habits of the 
animals to which these remains belonged ; for even the 
forms of these extinct beings must be familiar to the reader, 
ns Cuvier's restorations of their living lineaments are to be 
found in every popular work that treats of the ancient in- 
habitants of our globe. 

The Anoplotheria are remarkably distinguished by having 
feet with but two toes,* aa in the ruminants, and are the 
most ancient form of bi-hoofed animal known in a fossil 
state. They had ao uninterrupted dental system, the teeth 
being placed in a continuous series, as in man, without any 
interval between them. The A. commune (,Lign. 5Q,Jig. 4) 
was eight feet long, and of the height of a wild boar, but of 
a more elongated shape ; it had a long and thick tail, which 
must have enabled it to swim with facUity, like the otter ; 
the structure of the teeth indicates that it browsed on grass 
tike the horse. The A. (Xiphodoa) gracile {Llgn. 50, jig. 1), 
so named from its elegant proportions, was of the size and 
form of the gazelle, and must have lived after the manner 
of the deer and antelopes. 

The PalmoAeria had feet with three toes, and resembled 
the tapirs in the form of the head, and in having a short pro- 
bnois, but their molar teeth were more like those of the rht- 
noceroa. Upwards of eleven species, varying from the size of 
the rhinoceros to that of the hog, have been discovered in the 
tertiary strata of France. The P.magnum{IAgn.50Jlg.2)-vaa 
of the magnitude of a horse four or five feet high, with a mas- 
sive head and proboscis, and short eitremities. The P. me- 
iiuot was one-sixth smaller than the American tapir, but 

• The AnoplotlierB is ihe type of Owen's ATtiodactyU (even-toed) group, 
■nd the Palsothere of his Periuodaetyla (odd-toed) group, oT the noD- 
it nngnlale hcrbivorei. 
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One of the British ttpecimetiB (Macactu eacanui, Iaj*. &1 
wan fouiiil in IV bed of eocene nund, at Kyion or KingtUm, 
fi few milen ea»t of Woodbridgo in HufTolk, ant! nmitlwt 
{M. plioamnv$) at Gh-ayo in Ewei ,• 

44. Tkhtiaht stkata at Aix. — A group of HtntK 
iniirkablo for ita organic romninB u('\riirH near Aii, a town 
in Provonue, which a Hitunted upon a thick depoait of tCN 
tinry conglomerate. The lerieK on the northern side of the 
valley coniiiats of— 1. Tertiary breccia, the lowermort btid, 
which fonna the site of the town of Aix. 2. Mori, with 
lliihdt and iniecti. !). G-yjiRum and gypieous marls, coB* 
tuning llaliei and insects, leaves of palms and other pUnbit 
trad freib-water univalve and bivalve sheila, particularly ■ 
species of eyclat, iu great abundaneo.t 4. Frcsh-watw 

mui In Iho furm uid proportion of thcii ikelcton anil of their lepusU 
honni, ill )hc gcnoral diapoaition uf their muncular r}t\an, uid tU adiipi* 
itiuTi ruriiaeini-eiectpDiiliunorUie body, in their grett cerebrMi orguill^ 
tion, Iho perfection and equable development of their eeneee, their intcUeol* 
UBlonpaailf snd com plica tod inalinota. Theao mast clevaied of til inferior 
snimala ire flttod lo (elect, obtain, and tliB:est the aiicculont ripe friiiu at 
IreoK, and are doalincd lo inhabit tbo tich and ahndy fureata of Itopiod 
'^Umitca. Thoy leave to the aqtiirrols and the alotha the biiib and Imtmi 
lo the pondoroua elephant and rhinoceros (ho branchei and Ihs ilem; 
and to the beavera and othoT rodenlia Iho hard bark of (he treoi. Their 
dellrato orRinlitiition ia adapted only for the richent product* of the veiwf- 
iibifl hinfldom; nnd the aoftand niitrltloui quality of their food ianillaUs 
lo iha broad enamelled crowne of their molar leeih, which are atudd*! 
with rounded lubercln: their alomaoh la aimplo. With a hiih oetobnl 
and muaeular development, correaponding with thoir elevated r'aak bt 
(he aeale of belnjia, and (he poaitlon of their food, thoy are the molt 
aRdo and aportive of all mammalia \ and (hey are provided with prebtai- 
•lln oTgana at nvety point ; their teeth, tail, fmt, ami hand* naeiat In llxir 
nRile movoinonta, Dnd In their boundlnfja from brnnoh to hraneb, anl 
from troo to tree.— 7>r. (IranVi iMtttnn an Cumparathn Analom^. 

* Sea Owon'a Britlah Foatil Mammalia ; and the Medala of CreaUen, 
vol. II. p. RIB. 

t The CyoUu inhabit* riven, lakoa, and manboa, and therefore dr- 
iiolei (bo fluvlatUe or lacuitrine origin of tho depoaite. 
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limestoae. To the south, eitending towftrda Toulon, are 
lacustrine etrata of red marl, with compact limoBtone eot'los- 
ing ehella, gyrogOQitee, &e. ; still farther to the south, heds 
of grey fresh-water liineatone appear -. and at Fuveau, a Beries 
of blue limestoDea, shales, and coal is eitensively worked. 
TVeah-water shells, and aeed-vessela of Chane, with other 
v^egetable remains, occur in abundance in the coal-beds and 
intermediate layers of sliale. 

The marls are finely laminated, and contain insects and 
fishes in a remarkable state of preservation. The fishes are 
-very numerous ; one small species especially (Smeriii* tainu- 
£aa, lAgn. 52), which occurs in shoals, and is found grooped 
in every variety of position. 




This elegant little fish helonga t.o a genus of the tribe of 
Percoids, with two dorsal fins and seven branchiostegous 
rays. It is about the size of a perch a year old. 

45. FossiT, INSECTS.— But the most extraordinary relics 
ore the fossil insects, which ^pear as fresh as if enveloped 
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but yesterday. A few of the moat iotereating formi m 
here delineated {Liffn. 53), on a slightly enlarged ecale, (rom 




the plate aecompanying a memoir " On the Fresh-wBter 
Formation of Aii, in Provence," by Murehison and Lyell. 

All tiiese iusecta belong to eiiating genera, and only orw 
species ia aquatic.f The anterior larti are generally o^ 
Bcure, or distorted ; but in some apecimena the dawi 

* Jameson's New Editifaiirgh Journal, foi IS29, vol. iii. 
■t Prmciplos of Gfology, Edit. 5, vol. iv. p. 211. 
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visible, and the aculpturej and even a degree of loea! colour- 
ing, are preaerved. The aervurea of the wings in the IHptera, 
and the pubeacence on the head, are diatinctly seen. Several 
of the beetlea have the wings extended beyond the elytra, 
as if they had iallen into the water while on the wing, and 
hftd made an effort to eacape by flight. M. Marcel de Serrea 
has enumerated nearly seventy genera of insects, and a few 
Aracknideg, or spiders. The most curious fact ia, that some 
of the inaecU are identical with *pecie» ichieh note inhabit 
JProoence. It aeema probable that theae insecte were brought 
together from different localities by floods and mountain- 
Btreatne ; yet, as Mr. Curtis observes, all of them might have 
iixha,bited moist and shady forests. The laminated marls 
contain alao the coverings of the little fresh-water eniatacean, 
called Ci/prii, which swarma in our pools and stagnant waters, 
and must be familiar to all who have aeen the exhibition of 
the oxy-hjdrogen microscope ; living cypridea being eom- 
monly shown, and appearing somewhat lifee the head and 
feet of a flea protruding from an oval case or bivalved shell, 
and swimming by means of the fine pencils of hair that are 
attached to their front limba. These crustaceans are said to 
abed their cases annually ; and the surface of the mud spread 
over the bottoms of lakes is often covered with their relics. 
The miarls of Aix, as well as of many other fresh-water form- 
ations, abound in fossil Cffprides, whicli oftentimes consti- 
tute entire seama or tbin layers. 

The seed-veasels of the Ghara, a common plant in our 
ditches and ponds, also occur in profusion ; they were 
formerly supposed to be shells, and from their peculiar 
structure received the name of gi/rogonitet, which they atill 
bear, although their real nature has long since been ascer- 
tained." In conclusion, Murchiaon and Lyell observe to the 



effect that this tertiary series differs eBsentially from that o£ 
the Londoa and Poria basina : aad that the great develop' 
ment of regular beds of blue limestone and shale, the quality 
aud appearance of the coal, and the thickness of the 
pact, grey, brown, and blao-k argillaceous limeatoneB and 
aandstonee, together with the red niflrla and gypsum, give 
them the aspect of the moat ancient of our secondary rocks ; 
and it ia oaly by the occurrence and peculiar speciea of flu- 
viatile aud lacustrine ahells, the sced-veaaels of the cbane, &c., 
that the comparatively recent date of the whole group is 
demonstrated. 

46. FoaaiL fox of (EyiNOEN. — Among the tertiary 
lacuatrine fonnationa of the Continent, there is one so much 
celebrated for its organic remains as to require a pasaing 
notice. (Eningen, near Constance, has for centuries been 
known to afford fossil remains of great beauty and intereat. 
A short but lucid memoir by Sir B. Murchison * presents 
in a few lines the history of this ancient lake. The Ehine, 
in its course from Constance to Schaff hauaen, flows through 
an area of tertiary marine deposits, known by the nams 
of Molagae, which forma hilla on both aides of the river, 
of from 700 to 900 feet in height. In a depreaaion i 
sin of thia molaaso, ia a series of strata composed of marl^ 
and cream-coloured, fine-grained, fetid limestone, with lam- 
inated white marl-atone, forming a total thiekneas of thirty' 
or forty feet. In the marl-atone, leaves and stems of plants, 
insects, shells, Crustacea, fishes, turtles, a large aquatic aala. 
mander, birds, and a perfect alieleton of an animal, allied both 
to the common foi and to the civet, have been diacoverei 

This last-mentioned foasil (the Galeegitiu (Eniitgensit 
Prof. Owen. See Quart. Geol. Journal, vol, iii. p. 65) wi 
purchased by Sir R. Murchison,! for whom I developed 

• Geologtoil TnnsactionH, 2nd Sor., 1832, toI. iii. p. 289. 
■f By Ids liberality of Hub sen^lemaw, di« qI &ft ^■so correspondinj 
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and removed the 'stone with which the bones were m 
incruated, so as to expose the entire skeleton, which bears 
much resemblance to a common fox ; it was figured and 
described by me in the Geological Trausactiona 
vol. iii. p. 291, pi, 33, 34. 

A tortoise, three feet in length, with the 
bones of the neck, tail, and three of the pate, well preserved^ 
haa since been discovered. Sir E. Murchison concludes that 
these fresh-water deposits are the contents of a lake, be- 
longing to the newer or the middle tertiary epoch ; and that 
the period of their formation must have long preceded the 
present condition of the country, for they contain a 
known species of animals, and the Rhine has worn a channel 
through them to the depth of several hundred fi 

47. Fossil risHEaoF MoffTE BotCA. — Another interest- 
ing assemblage of tertiary strata is exposed in the celebrated 
quarriea of Monte Bolca, that are situated on the borders o: 
the Veronese territory, about fifty miles N.N.W. of the 
lagunes of Venice. These deposits form part of a range o 
hilla of moderate elevation ; volcanic deposits abound in the 
neighbouring Vicentin, and the summit of the hill at Monte 
Bolca is capped with basaJt.* This hill is principally com- 
posed of argillaceous and calcareous strata, vrith beds of a 
cream-coloured fissile limestone, which readily separates into 
laminse of moderate thickness, and abounds in fishes in the 
most beautiful state of preservation. They are all com- 
pressed flat, but the scales, bones, fins, and even the muscu- 
lar tissue remain ; their colour is a deep brown, thus ad- 
mirably contrasting with the limestone in which they are 
imbedded. Several hundred species are contained in these 
quarries, and thousands of specimens have been collected ; 
according to M. Agasaiz, oU the species, though related to 

slabs ill which this unique fossil is imbedded has hem proaentod lo ths 
Geological Society, and the other to Ihe Brifet W\iK™n 
» Organic Hemains of a Former VJoiVfl, vo\- wi- V-'' 
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the recent, are estinct." Prom the immense quaotitiet 
which occiir iu bo limited an are-a, it Beem« probable that 
the limestone in which thej are imbedded was a limey 
erupted into the ocean by volcanic agency ; and that the 
fishes were thua suffocated, and surrijunded by the calcare- 
ous mass. Nor is tliia hypothesis without support ; for o 
the appearance of a volcanic island in the Mediterranean, 
few years since, hundreds of dead fishes were seen putrid 
and fioatiog iu the waters ; and it cannot be doubted that 
shoals of fishes may at the same time have been enveloped 
in the volcanic matter at the bottom of the sea, and become 
compressed and preserved ; and when the mud which en- 
velopes them is conaobdated, and the bed of the Mediter- 
ranean elevated above the waters, these fiahen may resemble 
the ichthyolitea of Monte Bolca.+ 

48. Tertiaet voLCAsoa of Fbasce. — In the former 
lecture I alluded to vokanic action as still in activity, and 
as having been equally energetic in more ancient periods 
and there ia abundant proof, that during the immense lapse 
of time comprehended between the earliest and the latest of 
the tertiary formations, the internal fires of our globe were 
not dormant. We have already bad occasion to remark 
how rarely the former geographical relations of a country' 
are preserved, and that, though we may fee able to pro- 
nounce with certainty that thia spot was once dry land,- 
that yonder flowed a river, — that here is the bed of an a 
cient sea, — yet we can seldom determine the limits of tl 
one, or trace the boundaries of the other. But there i» 
one remarkable exception — a district, where the most 
striking geological revolutions have taken place, and yet thffi 
area of those changes still maintains its ancient physicij 
geography — that district ia Auvergne, a province in centrd^ 
i'rance. 
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Seaiiy a century siDC«. two Freacfa scadeniicians, MM. 
Ouettard and MalcBherbes, on their return from an ex- 
ploration of VesuTiua, arriTed at Montelimort, a Buall town 
on the left bank of the Bhoine, where Faujas St. Foud. a 
distiiiguiBhed naturalist, waa Bojouming. These savana 
wOT« struck with the remarkable character of the paTements 
of the Htreeta, which were formed of short joints of basaltio 
columns, placed perpendicularly in the ground ; and upon 
mquirj the^ found the atones had been obtained from the 
neighbouring mountains of the Vivarais. This information 
induced them to suney the country; and upon arriving at 
Clermont, the capital of Auvergne, a town with about 30,000 
inhabitants, they were satisfied that the whole region waa 
of volcanic origin ; for in the -vicinity of that town they dis- 
covered consolidated currents of lava, black and rugged aa 
those of Italy, extending uninterruptedly into the plains 
below, from some conical hills of scoriiB, which still pre- 
served the form of craters.* " To those who now visit ceii- 
trft! France, and ace everywhere iinequivocal marks of vol- 
canic agency, — the numerous hills formed entirely of loose 
cinders, porous and diversified as if just thrown from a 
furnace, and surrounded by plains of rugged lava, on which 
even the lichen refuses to vegetate, — it appears scarcely 
credible, that previously to the last half century no one had 
thought of attributing these marks of desolation to the only 
power iu nature capable of producing them. This, however, 
is perfectly natural, and not without examples. The in- 
habitants of Herculaneum and Pompeii built their houses 
with the lava of Vesuvius, ploughed up its scoria and ashes, 
and ascended its crater, without dreaming of their proximity 
to a volcano which was to give thy first proof of its energies 
by burying them bene-ath its eruptions ; and the Catanians 
regarded as a fable all mention of the former activity of 

■ Reehercbes aiir lea Volcona ^t«tDte9 du Vlvaiaia . ^ax U. Fvi\t& %V. 
Fni'i). Fiuis, 1778. ~ 
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Etna, when, in 166D, half their town was overwheUned by 
itH lava-currents." ' 

49. ExTiNor VOLCAN08 of Advkbqnb. (Plate II.) — 
The country which ia the site of theee eitinct volcanos ^ 
ahout 220 miles eouth of Paria, and forma a voat jiluOi 
situated in the Department of the Limagne d'Auvergne. I** 
ia 80 remarkable for ita fertility, that it is called the Garde**- i 
of IVaace ; a quality attributable to the detritus of the vol-" ' 
canic rocka, which ent«rB into the compoaition of the aoil •— 
It ia encloaed on the eaat and west by two parallel ranges o: 
gneiBB and granite. Ita average breadth ia twenty miles,^^* 
ita length between forty and fifty, and its altitude abouC:— ' 
1200 feet above the level of the aea. The aiirface of thi^^* 
plain ia formed of alluvial deposits, composed of gramtic and-^^ 
basaltic pebbles and boulders, reposing on a substratum o£^^ 

limeatoue. HiUs, of various elevationa, composed of cal- 

careous rocks, are scattered over the plain ; and the river"^^ 
Allier flows through the district, over bade of limeatone and,-^^ 
aandstone, except where it haa excavated a channel to the ^^ 
foundatioa-rock of granite. The hills formed of calcareoui -^ 
alluvial deposits are the remains of a seriea of beds, whieli -^ 
once constituted an ancient plain, at a higher elevation than -* 
the presoot. Many are surmounted by a creat or capping of^ 
basalt, to which their preservation is probably attributable; ■■ 
othera have escaped destruction from being protected by "^ 
horizontal layera of a durable limestone, which I shall pre- I 
sently describe. 1 

We have, then, as the ground-plan of the district, an ex- I 
• Geology of Cenlral France, by G. Poulotl Scropo, Esq., F.R.S., 4lo, I 
nilhfol, Atlaa, 1827. In 1815, Proressar Playfair visited Auvergno, and 1 
concisely dtacribod Lhe volcimic pbenomena there exhibited. Mr. Bake- 1 
veil, in 1832, " drew attenlioa to this romai-kable district in bis " Traveti 
in the Taieiitai9e,"!Jvals. %va, 1623 ; and eubseqiienlly Daubeny, Scrope, 
Lyell, and Murcbisoa publisbsd highly iiitcreating memoirs on the geo- 
logical phenomena of Auvergne, which have also been extensively illut- 
traled by foreign aulhors. , 
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B plain, chequered with low hiila of iresh-water lime- 
atone, whieh are capped with compact lava {Fl. U.^y. ill.) ; 
the boundaries of this tract being formed of ranges of crys- 
tailine rocks, 3000 feet in altitude. To the westward the 
limestone disappears, and a plateau of granite rises to a 
height of about 1600 feet aboye the valley of Clermont, 
being 3000 feet above the level of the sea. This supports 
a chain of volcanic cones and dome-shaped mountaiuB {PI, 11. 
fig. II.), about seventy in number, varying in altitude from 
SOO to 1000 feet from above their bases, and forming an 
irregular range nearly twenty miles in length, and two in 
breadth. The highest point of this range is the Puy • de 
Dome, which is, 4000 feet above the level of the sea (P/. II. 
fig. II.), and is composed entirely of volcanic matter ; it poa- 
seeaes a regular crater, 300 feet deep, and nearly 1000 feet in 
circumference. Many of the cones of the range retain the 
form of well-defined craters, and their lava-currents may be 
traced asreadily as those of Vesuvius. The Puy de Pariouis 
a most perfect example : it is a cone covered with fine turf, 
both on the ascent and within tlie crater ; the latter ia a mile 
in circumference, and very deep, sloping downwards at an 
angle of Sff'. From the lower part of the cone a current of 
lava, which ia atOl rugged and black, has issued ; and the 
plain is covered with scoriie and volcanic cinders, which are 
exposed to the depth of twenty feet in the ravines made by 
the winter- torrents. 

50. CEiTiR OF Pttt be Come. — One of the most re- 
markable cones is the Puy de Come, which rises from the 
plain to the height of 900 feet ; its sides are covered with 
treea, and its summits present two diatinct craters, one of 
which is 250 feet in depth. A stream of lava may be seen 
to Lave iaaued out from the baae of the mountain ; and at 
a abort diatance, from having been obstructed by a maas of j 

• Fvy ia lie name given in ihis province lo nu XoavJM.ei tov^ssi^sS 
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portion of wbich is about 6000 ftet in altttude.* Ife om- 
•isto of agroupof 8e?enor eightTOckjtammitBtwliiditoi 
a zone a mile in diameter, tiie whole comuting of a wootiet 
aion of beds of Yolcanic origin. It ia deeply channelled by 
two principal vaUeTB, and furrowed by manj minor water- 
courses, all origini^dng near the central eminence, and di> 
verging towards every point of the horison. The beds of 
which this group is composed consist of sooris, pumioe- 
stone, trachyte, and basalt; these rocks dip off firom the 
central axis, and lie parallel to the sloping flanka of the 
mountain, as is the case in Etna, the Peak of Teneriffe^ and 
all other insulated yolcanic mountains. There is no regular 
crater ; the summit of Mont Dore presenting a broken out- 
line ; but streams of lava may be traced, in elevated peaks, 
over a gorge which occupies the very heart of the mountain, 
and they extend to a distance of many miles. A remarkable 
natural section, worn by a cascade, at a short distance from 
the baths of Mont Dore, exhibits the following beds in a 
descending series : 

1. Porphyritic trachyte; a volcanic rock, 160 feet in thickness. 2. 
Arenaceous tufa. 3. Columnar basalt. 4. Breccia, made up of yol- 
canic fragments, cemented together by tufa. 5. Thick beds of basalt 6. 
White ferruginous tufa, enveloping fragments of granite, basalt, &c., and 
traversed by veins of the overlying basalt. 

I may add, that the volcanic vents of central France are 
evidently of very different ages ; some being of immense an- 
tiquity, while others are of comparatively recent origin, for 
they have exploded through the oldest beds of basalt ; but 
even the most modern belong to a very remote period. 

* PI. II. fig. I. is a profile of Mont Dore as seen from a distance, from 
a sketch by M. Constant Prevost : the dotted outline shows the pre- 
sumed form of the cone when it was in activity ; a ground-plan of the 
broken enter is annexed 
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62. Febbh-watbb strata or Autkkqne. — This district 
presents a series of alteraations of freali-water limestonea, 
with basalt, scorite, and otiier volcanic productions, baaed 
on a foundation of granite aod goeisa. These heda occur 
in the following order, beginning with the lowest or most 
ancient : — - 

lat. Clay, sand, and braccin, without orgsnic remains. 
iai, LimeBlone and caleniaous marl, in Blratft nearly horizontal ; about 
900 feet thick. These are entirely of fresh-water origin, for they 
abound in shells of the genera polamidei, helix, planorbii, and 
Ibnruta, which are known to inhabit lakes and rifera. Some of 
the beds contain bitumen ; others are entirely made up of the 
tubular cases of the caddia-worm, the larva of the caddia-Hy 
(Phrygaiua), cemented together by cakarco-siliceous matter. 
These tubes or cases, which are formed by the adhesion of 
nnall slielie, and occaeionflllj of other Bubelancea, to the outer 
surface of the silken case secreted by the insect, are abandoned by 
' the animal when its metamorphosis is completed, and layers of 

Pthem may often be seen in onr ditches and lakes. The fossU 
cases {Indusia tubulata) hnie been cemented together by calcare- 
ous infiltration, and form a compact stone, which is employed for 
building. The attached shells are so minute, that often more 
than a htmdred are affiled to a single case ; and a cubic inch of 
the limestone includes ten or twelve tubes. If, says Mr. Scrope, 
we consider that repealed strata, of iiie or six feet in thickness, 
almost entirely composed of these fossils, once extended over the 

I whole plain of the Limagne, occupying a surface of many hun- 
dred square miles, we may have some idea of the countless my- 
riads of minute beings which hved and died within the bosom of 
that ancient lake. 
In the limestones, associated with land and fcesh-water shells 
and remains of terrestrial plants, are bones of species of palieo- 
therium, anoplotherium, lagomys, marten, dog, rat, tortoise, cro- 
codile, serpent, and birds i ■ the laia-currents that have flowed 
over the strata have produced but little change in the organic te- 

• For general and detailed notices of the paleontology of Auvergne, 
»ee M. Pomel'a Memoirs in the Bulletin of tlie Geological Society of 
I'ruice, and in the Journal of the Lundon Ceol. Sou. vol. iiL part 2, 
p. 61. See also Congrfis Scienl, France, Puy, ie5&,-soV.\. 
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nmiaias. Tbii Kn« (Mtnprisn bed* of gypMom uid lunlutod 
murU. niih iitiirralatioai at aliueuus linssiune, uoiiUilnini Im- 
l^tv^ona t>r laciuuiae nud mm sheUa. In noma luuiliiin, Ik* 
TtHili-wttter UmeatuDc has ui intrnuiilura of rolcuiic nMttor, uid 

► ptnents linf ckuacMra of B wdim<?nt slowly uid tnuiqaill; depo' 
aiwd in ■ lake, inlo wtuch tatua and (nigments o[ loclu ud 
Gcoriie wire pi^jovted by a peu$hbouriug Tulmno; while uiw 
tw<i9 a|)pear tu have bixa fiuiuuil by a Tiulom intnuion of loln- 
niu iitoducu. 
3nL Imiuiinw beds oT basalt, •cotug. &v., (praad omr lbs tabuUt 
luassoi uf tii»b-i>ater Uninlonpi aud often capping Iha iiuumiu 
oftbs lower bilia. (PI. II. Of. in.) 
4th. Suid and iraTd. oontaiuiag bonea of iba maalodan, alepbaoti 
hippopotamus, rkinovoroii, lipir, bone, boai, hyona, bear, do^ 
b«nter, haro, &c. ; wiili iheae ore aswciatod ligtiits. and attktf 
TegEtable reniaina. Soma ul'ths boda of limsitone abound in aegd- 
resaola of rhus ; and tbf lamiualed days mutaia Oihst, willfc 
lea res and steins of reeds and otlier plants. 

There are Bcveml incruBting springs in Auvergne, Urgeljr 
impregnated with carbonia acid, which have deposited ini— - 

meuee qunutitiee of e&lcareoua tufa. These issue from fis- 
sures ia the granitie aud gueissic rocks that form the base o^. 
the whole territory, and are epruad over the vgletuuc fooi 
whence these miueral waters, iu all probability, originate t 
nunieroun thermal springs also oiicur throughout the dia- 
trict. 

53. SccoESSiTE Epochs of Ma.uuaj.ia. — The foasil re- 
mains of mammalia found iu the sediinentaiy deposits of the 
volcanic region of Auvergue are very numerous, aud oom- 
prise many of the moat ancient species of the Paris basio, as 
well as those of existing ones. They are separated by Lyell 
and other eminent observers into three groups : — 

I. Mammaliim remains from the frosb-waler almta overlying Ibe 

granite ; these comprine bones of palrotheria, anoplolboriti, and 

other Cuiierinn pachydorma, aaaof iaU^d with extinct tpeciss of 

rhinoceros, horse, deer, Sk, ; this in the tnoil ancient group. 

It. Bones of maalodot), hippopottunus, elephant, horse, tapir, deei. 
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- wilelope, and many other loirealrial qandrupeda, all supposed 

^^K to bo extinct forms; associated nith eiisting species of fre^h- 

^^^i water eliella. Tbese are from the lacustrine deposits, which are 

BL'parated fmin the above by onuietit lara-currenls [baaait) 

III. Fossil bones from the beds of sandy marl, and alluvial debris. 

These ere referable to small Rodents {Lagontt/s), and nearly Hfty 

species of other existing mammalia; as mouse, sqaitTol, hare, 

marten, dog, cat, hog, ox, deer, and horse; also frogs, lizards, 

snakes, and birds ; of the latter, even the eggs are occasionally 

54. Sfmmabt op the sboiogical phenomena ov Av- 
TEBONE. — In the tailcareouB and Biliceous limestones of Au- 
vergne, aud their associated latninated mnrla, gypaum, lignite, 
and conglomerate, we have a general analogy with the older 
freah-watep tertiary formations of Paris ; the shells and 
plants being similar, and the ([uadrupeda of the same genera. 
And, if we suppose the Paris baain to have been elevated 
above the water dtaring the active state of neighhotiring 
Tolcanos, and that successive streams of lava flowed over ita 
^aedimentary deposits, we should have a series of phenomena 
resembling those of Auvergne ; with the eiception, that the 
presence of marine remains would denote that the basin bad 
been filled with salt water, and communicated with the aea. 
The fects submitted to our notice appear to establish the 
following sequence of physical events. 

1st. The elevation, after the deposilion i 
the whole area of the old crystallini 
atioQ of central France. 

2ndly. A period of tranquillity, durinft which fresh-water lakes occupied 
the inegulat hollows of the district ; the neighbouring country 
being inhabited by palKolheria, anoplotheria, and other extinct 
mammalia, whose bones, togathei with the relics of the then ex- 
isting vegetation, and the shelbi of mollusca, became enveloped In 
tlie tranquil depositions tliat were going on iu the lacustrine basin*. 

3rdl;. Another elevadon of the district took place, a new system of lakei 
was established, and the country wsa aijajn c\ot.he4 ■w\\fe. fe^mi»i 
and «-aa inhabited by deer, Qxen, rluaoceiiaBa, »ai^sjBBa»,'a)m 
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of Ihoikt-'IataniDf whiclilioaBina imbodded in the wdimmti vl Ite 
: 



VUy. The valcanuB became actite ; eapltniani look place tbran^ 
handreds or renu ; irachyle and basalt were ejeeiod, mil in 
tome places pierced the freah -water depoaita, while in other* Uh; 
ovonpread tham with fbeeta of lara. Vegeulioo ttill floiiriibnl, 
and the runiaina of plonta wnc entombed in the Toleanic prvdoM. 

Sihly. Aiinther period of tranquillity — the riTera and other waler-counat 
dammed up or deranged by the lava -current*, fonned new chin- 
neli, and acaumulated bodi of gravel, aanil, and clay. Don, 
huraei, oxen, &c„ with hyonaa and other caniivuro, inhahileil tl» 
diatricti having for cnntomparariea terrottrial mammalia of tpeciw 
which exiit in Aufergne at the pretent time. Volcanic ernptiuu 
■ucceedcd, and continued until a cumparativotjr reeenl periud. 
Laally. Stream* and rivora of later date, and which alill effool the dnis- 
wn of the oonnlry, began to wear awiy channel* through I he IkJ' 
of lava and limDiiluno to the cryAlalline rocks beneath, oird inli- 
aect the oonnlry with ralley* and ravinea, epieading over the m- 
cient bcda a thick covBring of allutial aojl.* 
65. BXCATATTOM OF TALLKYS BY BTREAUB AND BtVEKH 

— TliPTo is no dietrict which eihihita io more atrikiog tlii>- 
rtticten the erosive power of running water, than Auverpn"., 
In many places the baaalt is columnar, like that of HUS* 
and the Giants' Causeway ; and one range, on the bitnki nf 
the Ardfeche, forms a majestic colonnade 150 feet in height. 
extending a mile and a half along the valley which hu bvt^ 
■channelled out by the river that ilowa at its base. 

Mr. Hcropo's description of this process in highly pictu- 
resque. " The bed of the Ard^clie is strewed with butltic 
boulders, pebbles, and sand, originating from th« destroi- 
tion of the columnar ranges. In some of the volouuo cooM 
the bedM of basalt may be traced isaiiing from the crstflt 
and following the inequalities of the vnlley, just as a shwBB 
of lava would follow down the same course at the preseot . 
* Thin account of the volcanic phenoineaa of Auvorgne U an abtlnti 
uf Ihe Interoallng Eaaays of Heur*. Bakowell, Scrope, Lyell, HumhisCii 
Daubeny, Hibbeit, Croizet, ilobert, Bobart, and Bertrand-Roui. Mr. 
Scrope'* work cannot be perused, even by the general read*!, wllho)! 
d/vp inloreit. 



}H. EXTINCT VOLCANOS OP THE RHINE. ^°'- 

time. Tet these ancietit lava-carrentB have BubBequently been 
corroded by rivera which have worn tlirough a mass of rock 
150 feet in height, and formed a channel even in. the gBeiss- 
rocka beneath, since the lava firat flowed into the valley. 
In another spot, a bed of basalt, 160 feet high, has been cot 
tiirough by a mountain-Btream, and very beautiful columnar 
masses are eipoeed. The va,st excavations effected by the 
erosive power of water along the Talleys which feed the Ar- 
dSche, since their invasion by lava-currents, prove that even 
the most recent of these volcanic eruptions belong to an era 
incalculably remote," 

56. EsTiKCT voLOANoa OP THE Ehinb. — I have dwelt 
BO long on the Phlegrwan fields of Auvergne, that but a 
brief Bpace can be afi'orded to another group of tertiary 
volcanos. Every one who haa ascended tbe Khine wiD re- 
member where 

" TTiE eaetled crag of Drachenfds 
Fruwua o'ei the wide and winding Rhine," 




forming one of tbe Siebengebirge, or Seven Mountftin 
whoBo mojeatie and graceful foimB KoiieiA^ Vajsfc "sa ' 
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eight, rising from the level plaina on the right bftak of the 
river to an altitude of nearly 1500 feet. Theue pictiwwque 
objcL-tB belong to a group of eitiuct Tolcanoa ; while, o 
the oppoMite side of the river, the Eifel, with ita enleri 
covered with scorira and cindera, and lava-current« <tiU di 
tinctly vinible, nttests the widis area over which thone ancient 
fireii unce extended. Uulike the district we have just no 
tieed, the fonndation-rock of the country is an ancient »eii- 
montary deposit, conainting of coarne red suidRtoDe md 
■Inte, thrown into a highly inclined position. Throngii 
thcHe bedi the volcanic eruptiona, coneiHting of trachytt, 
bnnalt, and other modifications of trap-rocks and bc 
have forced their way. The baealt is black, and vety com- 
pact, and breaks into sharp fragments ; it ia frequently co- 
lumnar, and the separate hesagooal pillara are made uteof 
for posts and pavements, in the adjacent towns. Such, myi 
Mr. Horner,* is the profusion of basaltic pillars, that tilt 
walls of the town of him are wholly built of these inateris!i| 
placed on their sides, with the ends projecting outwank 
The streets are paved with the smaller columns set on end, 
thus forming a miniature representation of the Gianti^ 
Causeway ; and the same volcanic product forma a larg> 
proportion of the walls of Bonn and Cologne. The second 
ary strata are covered by a series of tertiary deposits, con- 
sisting of sand, sandstone, clay, and lignite; cooititutinf 
what is termed a brown-coal formation. Upon these d^ 
posits is an «xtentire layer of gravel, which is covered by ■ 
deep bed of loosely coherent sandy loam or mud, provincially 
termed Zoeu. This fine earthy detritus, which contains rft- 
cent species of terrestrial and fresh-water shells, forms ths 

■ On tho Oeology of the Emiroiu of Bonn, bjr Loomird Homer, Eif.,. , 
F.li.H. OiiuluEiuil TruiHiutiunii, '2nd Ser., vil. tv., Ifs'i6, p. 4.13. 8h 
sliD tho campraheaalvB paper by W. J. IlBmiUon, E«)., P.R.S., on tkl 
Hmwn-caal uid other UrLiary formiitioiii uf Ueruiiny, ia tba Qiuitf 
Juumvl uf lb* Guol. Sou. tuI. x, p, 2bl. . 



subsoil of the vast plains in which Bonn ana Coblentz are 
situated, and extends as far aa the falla of Schafi'hausen. 

57. Bkown-coal FOBUATiON. — Aa the ububI condition 
in which hituminized vegetahle matter occura in the tertiary 
formations is well exemplified in the brown-eoal, or lignile, 
of the Ehine, it will be inBtructive to eiamine the charac- 
ters of this deposit somewhat in detail ; for we shall thereby 
obtain data which will prepare us for the investigation of 
the ancient carboniferous system. This formation, which 
is spread over a great extent of country on both sides of 
the river, consists of clay, eaud, sandstone, cougloinerates, 
clay, and ironstone, with lignite, or hituminized wood, of 
various qualities, disposed in distinct beds, and intermixed 
with argillaceous matter. The breadth of the ridge of low 
hills formed by this assemblage of strata, on the left bank of 
the Bhine, is from three to five miles, its elevation varying 
from 50 to 200 feet. 

The lignite occurs in the foUowing states ; — 1. A black 
earthy and pulverulent substance. 2. Concretionary masses, 
with leaves and fragments of wood. 3. Wood in various 
degrees of bituminization, and of different shades of colour, 
from a light-brown to jet-black. 4. Very finely laminated 
masses of bituminous matter and clay, of a dark chocolate- 
colour, and separating into elastic flakes, as thin as paper, 
whence its name papierkoUe ; this substance is so highly 
bituminous as to bum with a bright flame. The wood is 
generally in small fragments, but stems of large trees, some- 
what compressed, occasionally occur ; in some instances the 
trees are imbedded in an upright position, having the roots 
attached, and the stems passing through several beds of lig< 
nite. In many examples the wood is so little changed, that, 
like the timber of our peat-bogs, it is employed in biulding j 
in others it is highly pyritous, that is, impregnated with J 
iron-pyrites or sulphide of iron,* like the fossil vegetahlea a 
" Jlfora correctly " bisulphide ; " " auljAwiW." '» littwJ 
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the Isle of Sheppey. It U for the moiit part dioofyledcooiu; 
but leuvei of pnlniK occaaionally occur; and folia^ man- 
bliiig thut of «pecieii of Cinnamomum and Podocaipni Iw 
lild-NviM) been diicoTcrcd.* 

Mr. Horner ia of opinion that there were eitenaiTe &t»b- 
wtttiir iftkdB, in the Bedimcnts of which trees aoi pbnt), 
drifted by land-flooda, were iDgolfed; and thai volcauc 
eruptions were aimultaneously going on, in the same mainier 
an in the modern submarine volcano*. There is a greW 
fault, or dislocation, in this brown-coal fonnation, whicb be 
euggttatB may be attributed to a powerful and eudden ")\- 
oanio explosion, that probably occasioned the elevation of the 
Hiebengebirgo, and raised up that portion of the coal-beii» 
wbitOi repoiie§ on the flanks of those peaks. The gis'^ 
covaring tU« lignite rnunt have been strewn over the plun 
praviously to this elevation, for it is found on both sideacf 
the river at a gruat heifbt, and not in the intermediate plain. 
These inductions are so ovidont as to require uo comment. 

Sir Charles Lyell observes, thut the moat striking pecu- 
liarity of a great many of the newer lake-craters of the 
Rifel iH the absence of any aigns of lava, or even of toiw- 
fnetion, in their walls, when these are composed of regtilu 
sirata of ancient saudHtone and shale. The summits of 
hills formed of these rocks have evidently in some instainai 
been swept away liy gaseons explosions, while no lava, tin 
Boaroply any scoriiP, has escaped from the newly formeJ 
cavity, No feature in the Eifel volcanoa is more remait- 
able ihnn the proof they afford of enormous aeriform di^ 
(•barges, accompanied by very scanty eruptions of melted mat- 
ter. 1 know of uo other extinct volcanos, says this autboTi 
wborc gaseous explosions of such magnitude have been •(•J 
tended by the emission of so small a quantity of lava.t 

• Oeol, Trans. 2 Set. toI. i». p. 4Sii. 
t Muiunl uf Ueology. p. US, 
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The ancient alluTial deposit ualled the Loeaa is ft fine 
loam, containing fresh-water and land ahellH of many eiiet- 
iog Bpeciea ; a few bonos of the horse and mammoth are ^- 
most the onlymammalian remains that Lave heen diucovered.* 
Prom the exteofiive diatrihution of this bed, and its occur- 
rence at various elevations — in some instances on the flanks 
of mountaiDS 1200 feet above the level of the sea, at others 
spread out over the grave) of the vast plain of the Bfaine, 
it is inferred, that, although the loesi has been deposited 
since the existing system of the hills and valleys of the 
covmtry, yet great changes muet have subsequently taken 
place in the physical geography of the district; and8ir C. 
Lyell states that there is reason to conclude that, since the 
deposition of this fluviatile loam, all the land bei^ween Snit- 
zerlaud and Holland has suffered a subsidence and a subse- 
quent elevation, to the amount of many hundred feet. 

58. Othee tebtiabt strata oe Eueope, Nobth Ame- 
rica, Ac— It baa already been mentioned, that strata re- 
ferable to the period comprehended between the uppermost 
secondary formations and the human epoch occur through- 
out Europe ; presenting in some instances well-defined 
groups, with marked boundaries, and in others vast areaa 
over which the deposits are irregularly spread. The geo- 
graphical relations of the tertiary strata to the existing lands 
and seas is an interesting subject of inquiry, but on which 
my limits forbid me to enter. t I may, however, observe 
that Europe must have possessed many of its most striking 
physical characters at the commencement of the eocene pe- 
riod ; and that its present configuration has been produced 
by the conjoint effect of successive mutations in the relative 
level of land and water durbg the deposition of the marine 
and fresh-water strata reviewed in this discourse. 



■ Prindples of Geology, Edit. 6, vol. iv. p, 33. 
f Lyell's Prmciples of Geology should be consulted. 
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In North America the reaearchcB of Morton, Vaniaetn, 
Lyell, EogierB, Tuomey, and other obeervers have ehtnni 
that in the territuriea of the Unit^ States eocene and iw- 
rene deposits extend over a great part of Maryland, »long 
the coast of New York and New England, and oceur in New 
Jersey, Delaware, Long latand, &e. The tertiary beds of 
Maryland consist of limestone, clay, sand, and gravel, vul 
abound in the usual eocene sbetls ; some of which are iden- 
tical with European tertiary species of turritella, veneriear- 
dia. ftmut, anrilla, &c. The remains of a large cetaceom 
animal (named Zeuglodon, from its deeply cleit or "yoked" 
teeth) are found in great numbers in some of the Anni- 
can eocene deposits.* 

Infii*orial marU of Virginia. The towns of Richmond 
and Petersburg in Virginia are built on strata of eiliceoiu 
marls, which extend over considerable tracts of country, uui 
have an aggregate thickness of more than 1;wenty tfet- 
These marls, whose organic composition was first detsrtcd 
by Professor W, Bogers, are of the older tertiarj' (mioWM 
or eocene) formations. The investigations of Dr. Bwl^ 
have shown, that these earths are almost wholly madf up 
of the siliceous microphytes, or firustules of DiatomacMJit 
termed Naeieula, Oafionella, AcHnoeyclut, CoadnodifM, 
Ac. r the latter especially predominate, two or three speciw 
forming a large proportion of this aggregation of minute 
organisms. The Oo»eiitodit:ei\ (or sieve-like discs) ore elf- 
gant saueer-ahaped shields, elaborately ornamented *itl) 
hexagonal spots disposed in curves, and resembling the fo* 
gine-tiu-ned sculpturing on a watch ; they vary in sine from 
1-lOOth to 1-lOOOth of an inch in diameter. If but a fe* 
grains of the Bichmond earth are prepared for tbe micro- 
scope, all the varieties above specified are generally dispby 
ed, BO largely is this marl composed of the flinty valves of the 
' See Medals of Creulion, vol. ii. p. 780. 

t Ibid. vol. L p. BS, 337. I Ibid. vol. i. p. 88- 
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fruatulea of minute vegetable organisms ; in fact, very few 
inorganic particles enter into its compoaition.* 

59. Altered teetiaht strata op the Andes. — But, 
striking aa are the prooi'a already adduced of elevatioDB and 
BuheidenceB, and other effects of volcanic agency during the 
tertiary period, they sink into comparative insignificance, 
when contrasted with the enonuous changes which Lave 
token place in the great mountain -chain a of South America, 
during the same geological epoch. From tho observations 
of Mr. Charles Darwin, we learn that an extensive tertiaiy 
system, analogous to that of Europe, skirts both flanks of the 
crystalline rocks which form the southern chain of the 
Andes ; the latter having suffered a certain degree of eleva. 
tion before the deposition of the former. These strata, 
ifliich are of great thickness and extent, are separable into 
two groups ; the lowermost beds, like those of Aiivergne, 
repeatedly alternate with lavas, and thus denote the com- 
mencement of the eruptions of the ancieflt craters. Over 
thrae are accumulations of porphyritic pebbles, covered, at 
elevntions of many hundred feet, by beds of shells of recent 
species ; and the sides of the mountains appear like a suc- 
cession of sea-beaches, which have been slowly and tranquilly 
lifted up. The altered character of the tertiary deposits 
within the influence of the igneous products, — the conver- 
Bion of beds of loose pebbles into solid, compact rocks, — 
and the occurrence of metalliferoua veins in strata of com- 
paratively modem origin, — are facts so powerfully exempli- 
fying the geological principles ennnciated in the former 
lectures, that, though this discourse has extended to a great 
length, I cannot omit Mr. Darwin's interesting description 
of tbese phenomena, as originally communicated in letters 
to Professor Henslow, of Cambridge, dated Valparaiso, 
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Vuuirill luivo heard nn acpnunt of lliadrmdfiU D>Tlhqu>k« «t tin 
SUih Pebniiir)>. I wish soma of the gtulogiHiB wliu Diiiik ihu wriliqiukN 
uf Uume timei ure (lilliiig could see tha wuy iu whioh (ho solid locka tn 
ibiTercd. InUieluwn thoruiinotODS house Iui1)itab1i){ the ruiu nnilt 
me ol Ihs drawintts oC the deuilntcd eutum ciltus. We were at Valdln 
at tlia time, and ielt iJie shock vei; severely. Tbe lonsalioD wu Ulu 
that uf skuting over very thin ioe, ihal is, diillnot uiidulalions ■nere p«* 
ocptible. Thu whole scene of CoacopcJon and Talcuana is one of lb 
uioat iiiluresllng ipectades we huve beheld sinoe leaving England. . . . ' 
... I was much pleaaud at Chiloe by finding a lAict lied ofrteail ajvM^ 
thelli, 4o-, eapiiing the tertiary ptaiii, out of which grow large forwl-lroMi 
I con prove that both sides of the Andes havo risen in this recent fmfA 
to a voniiidcrable height Here the aholls were 350 fe«t nbove IhsNti 

On the bare sides of tho Cordilleras, the complicated djrksatid ' 

wedges of variously coloured rooki aro seen traversing, in erery postlbll 
fbnn and shape, Ihe same formation, which by their intenectioni pit*! 
a succession of violences. The straiiflcation in all the mountain) ii IMV 
lifuUy distinct, and, owing to a variety in Iheii oolouring, can be utsil 
great distances. [Porphyrilic conglomeratet, roBling on granlM, bn 
the principal masses,] I cannot imagine any part of Ihe world prOMt- 
ing a more cxtraoijdinary scene of the breaking up of the crust of lb 

globe, than those central peaks of the Andes The slnll !■ 

the liighost pinimclus are almost universally inclined at anaugleftomTI)' 
loBO". I cannot tell you howmuch I et^oyed some of Lheee views; ' 
worth coming from England once, to fool at onoo such intense deligbl 
an elevation of from leu to twelve thousand feet there is a tianspanocr 
in tlie air, and a confusion of distances, and a suit of stillness, which |ifl 

Ihe sensation of being in another world The formation wUA 

I call {lorphyritio conglomerates is the most imporlcnl and niMt 
Tclopud in Chili, From a great Dumber of sections, I And it to be • I 
coarite conglomerate or breccia, which passes by every stop in slow | 
dations into a fine claystone -porphyry ; the pebblea and ctnent tteim 
porphyrilic, till at last all it blended in oat compact roek. The porphf' 
tioi are exocssively abundant in Ihis chain, and I feel sure thkt at Mi 
four-flllha of them have been thus produced from sedimentary bedll 

$itu The Uspellala range is geologically, although only ta\ 

seven thousand feet high, a uontinuation of the graud eastern chun. I 
has its nuolous of granite, consisting of ftrand beds of various cryslatll 
rocks, which I caul feel no doubt are aiibaqueous lavas, altematiiig wi 
sandstone, conglomerates, and while aluminous beds (like decompoM 
felspar) with niany other curious varieties of sedimentary dspoajla. . ,. 
.... In an escarpment of compact greenish sandstone, //oimtf ' 
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mmd of pttrified tru$ in a terlUal posilion ; or rather, the Bl 
mclined about MO'orSU" lo one point, and the trees JO" to the opposilBi 
that is, they were befoiu the lilt truly vertical. The stuidstone conslBla 

of matiy hDiizontal layers Eieyen of the trees are perfectly 

Bilicified, and Tosemblo the dieotyledouous weod which I found at Chiloo 
and Concepoion; the others, thirty lo fnrty in numher, I only know 
be trees from the analogy of form and position ; they conaiBt of anoi 

ivhite columns of coarsely ciystalliied cotlionate of lime They 

are all close together, wilbia one hundred yards, and about the name 
level ; nowhere else could I find any. It cannot be doubted that the 
layers of fine sandstone have quietly been deposited bolweeu a clump of 
trees, which wore fiied by their roots. The sandatone reals on lava ; i» 
covered by a ffreat bed, apparently about une thoaeandfeet thick, of ilack 
augitic lava ; and over thit there are at leatt Jive grand allematioHi of 
tuck recka and aqueoua aedirTtentary deposita, amounting in thickne, 

leveral OiousandfeeC According to my view of Iheae 

nomena, the granite, which forms peaks of a height probably of U.OUO 
feet, has been fluid in the tertiary period ; strata of that period have been 
altered by ils heal and ore traversed by dykes from the mass ; are now 
inclined at high angles, and form regular or compli<:a1ed anticlinal lines, 

I To complete thie climax, theit same tedimentary atrala and lavaa an tra- 

versed iy very numeroui true metallic veins of iron, copper, arsenic, silm 

L andgoldi and theae can be traced lo the underlying graniie, Affold-mi 

L Am been aorked close to the damp ofsilicified trees." 

I 60- Tkbtiaby salifebous deposit.— Not only coa], but 

W eren estenBiye beds of rock-salt oecur in the tertiary system. 

" The celebrated Balt-mineB of Galicia, of which M. Boufi* 
baa given an interesting description, belong to this epoch. 
The deposit is nearly 3000 yajds long, 1066 broad, and 280 
yards deep. The upper part of the mine conaiats of green 
Halt, with nodules of gypsum in marl. The salt contains in 
some places lignite, bituminous wood, and shells. In the . 
lower division are beds of arenaceous marls, with lignite,,, 

' impressions of plants, and veiiu of salt ; coarse sandstone,, 
with vegetable remains ; alumiuoua and gypseous shale, and^l 

E' rated calcareous marl, with sulphur, salt, and gypsui^^| 
ingst the vegetable remains found in the salt-rouk <i^| 
" Joumal de G4d\q^ ^| 
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Wielicska, are the wood Kud cones of throe or more «powi 
L ofPtBiM; besides the fruiti of two Bpeciea of Jt^iaM{WiJ- 
I nut). 

61. UETBoaPEOT. — So numerous and varied have bwa 

the iihenomeim preaented to our notice, that a coiiipreh«i> 
sive retroBiiect is necessary, in order to obtain a oorroot idM 
of the highly interesting deduotions resulting front thil ' 
general survey of the tertiary formations, 

III the newer tertiary, or pliocene, including the miun- 
mnlian epoch of the last lecture, the fossil remains in tk 
alluvial deposits afford incontestable proof that the mim- 
moth, mastodon, hippopotamus, gigantic deer, and othir J 
colossal animals of extinct species and genera, together with | 
birds, reptiles, and carnivoro, inhabited such districts of our ] 
continents as were then above the waters ; white the older 
tertiary, or eocene, enclose the bones of land-animals, prin- 
cipally pachyderms, approximating to certain races thit 
now exist in tlie torrid zone, but belonging to extinct go- i 
uuro. The seas and lakes of tliat remote epoch occupied orMi I 
the greater part of which is now dry land ; and rocks ind I 
mountains, hills and valleys, streams and rivers, diversilirf * 
the surface of countries which have since been either destny' 
ed or entirely changed ; and the past existence of which i) 
only revealed by the deposits that were accumolated in the 
lakes and deltos, by streams and rivers. The ocean abounded 
in niuUusca, cruatacea, and fishes, of whicii a large p^o[»^ 
tion is referable to extinct species. Crocodiles, turtles, bird*, 
and insects were contemporary with the palawtheria uid 
anoplotheria ; and animal organization, however varied In 
certain types, presented tho same general characters w 
modern times ; the extinction of species and genera b«H 
then, as now, in constant activity. The vegetable world ■!» 
coiitniucd the same great divisitins ; theru were forests i> 
oak, elm, and boech, of firs, pines, and other coniferous treed 
jjaltiiH, tree-ferns, and the principal groups of our modnRl 
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floras ; while the water, both salt and freah, teemed with the .' 
few and simple forma of vegetable structure peculiar to that | 
element. { 

The state of the inorganic world is not less manifest : the 
abrasion of the land by streoma and rivere, — the destruc- 
tion of the sea-ahorea by the wavea, and the formation of 
beach and shingle, — the desolation inflicted by volcanic erup- 
tionfl, — aH. these operationa were then, aa now, in activity. 
The bed of an ancient sea, containing myriada of the remains 
of fishes, crustaceaua, and sheik, now furma the aite of the 
capital of O^reat Britain ; and accumulationa of tropical fruits 
and plants, with remains of crocodiles, serpenta, turtles, and 
birds, drifted by ancient currents from other climea, consti- 
tute the shores and islands of the eatnary of the Thamea ; 
while the sediments of inland seas, lakes, and gulfs, teem, 
ing with the skeletons of beings which are blotted out from 
the face of the earth, compose the country around the me- 
tropolis of France. 

Notwithstanding that the changes in the relative level of 
the land aud sea during this epoch were numerous and ei- 
tensive, one region still preserves truces of its original phy- 
sical geography ; and, though the earthquake has rent its 
mountains to their very centre, — though hundreds of vol- 
canos have again and again spread desolation over the land, 
— and inundations and mountain- torrents have excavated 
valleys, and chequered the plains with ravines and water- 
courses, — yet the grand primeval features of that country 
remain ; and we can trace the boundaries of its ancient 
lakes, and the succesaive changes which ita surface haa un- 
dergone from the first outbreak of its volcanos to the com- 
mencement of the present state of repose. The lowermost 
lacustrine deposits in Auvergne, which mre apread over 
the foundation-rocka of gneisa and granite immixed with 
igneous productions, mark the period antecedent to the 
Toleanic era ; while the intrusions of lava and aeotm vatW 
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Huperincumbent strata denote tlio firat eruptionB of Moul 
Dome. The aucreediiig period of tranquillity is recorded in 
characters alike intelligible. The slow deposition of calca- 
reous mud — the incruBtation of succesaive geaerations d 
aquatic issects, Crustacea, mollusca, and infuaoria — the im- 
bedding of the bones of mammalia, birds, and reptiles — th« 
accumulation of lif^nite and other vegetable matter — are 
data from which we may reatore the ancient country of 
Central France. 

It was a region encircled by a chain of granitic moun- 
tains, watered by numerous streams and rivulets, and p* 
Bessiug lakes of vast e;itent. Its soil waa covered witli 
luxuriant vegetation, and peopled by palieotheria, anopl»- 
theria, and other terrestrial mammalia ; the crocodile lod 
turtle found shelter in its marshes and rivers ; aquatic bird) 
frequented its fens, and sported over the surface of its lakn; 
whilemyriads ofinaects swarmed in thcair,and passed throu^ 
their wonderful metamorphoses in the waters. In a neigh- 
bouring region,* lierds of ruminants and other herbivora, of 
species and genera now no more, with birds and reptileh 
were the undisturbed occupants of a country abounding is 
palms and tree-ferns, and having rivers and lakes, with gulfe 
which teemed with the inhabitants of the sea; but to tlii> 
district the fiery torrents of the volcano did not eiteoi 
But to return to Auvergno; a change came over the sc«ne[ 
— violent eruptions burst forth from craters long silent, — 
the whole country was laid desolate, — its living population 
was swept awny, — all waa one vast waste, and sterility sufr 
ceeded to the former luxuriance of life and beauty, Agea 
rolled by ; — the mists of tbe mountains and the rains pro- 
duced new springs, torrents, and rivers, — a fertile soil grada- 
sUy accumulated over the cooled lavn-currenta and the bed* 
of scorire, to which the sediments of the ancient lakes, bonU 
down by the streams, largely contributed. Another vegeta- 

* That of Ihe Puris htm. 
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tion Bprang up, — the mammoth and RiastodoD, with enormous 
deer and onen, now quietly browsed in the verdant plains; 
^other changes succeeded, — those colossal forms of life in 
their turn passed away, and at length the earlier races of 
Kiankind took poasession of a country, which had once more 
become a scene of fertility and repose. 

To those who have favoured me with their attention 
through this discourse, it cannot be necessary to aver, that 
the successive changes in organic and inorganic nature thus 
rapidly portrayed are supported by proofs so incontrovertible, 
and traced in characters so intelligible, as to constitute a 
body of evidence with which no human testimony can com- 
pete. It is true that the time required for this succession 
of events must have extended over an immense period ; but 
time and change are great only in relation to the beings which 
note them, and every step we take in geology shows the 
folly and presumption of attempting to measure the opera- 
tions of nature by our own brief span. " There are no 
minds," says Mr. Scrope," that would for one moment doubt 
that the God of Nature has existed Jrom all eternity ; but 
there are many who would reject aa preposterous, the idea 
of tracing back the history of HU works a miOion of years. 
Tet what is a million, or a mOlion of millions of years, when 
compared to eternity ?"• 

Germany presents us with an interesting series of analo- 
gous changes, effected in a later era. The outburst of the 
now extinct volcauos of the Rhine, the accumulation of 
fluviatile silt over the plains, and the subsequent elevation 
of the whole country, show that these physical mutations 
were not confined to a single region or period. 

In the Andes, the enormous disruptions and elevations 

of the most ancient aa well &s modem deposits teach us, 

that, through a long lapse of ages, the volcanic fires of Soutl 

America have acted with intense energy ; and yet 

• Geology otCenttBl^iaivcB. 
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that ibe mehing onA transmutation of looee materials iubi 
compact rocks, the coDveraioa of incoherent strata into 
Botid stone, and even the subLimatiaa of gold and other 
metals into fissures and veins, are phenomena which h»w 
taken place since our seaa were peopled by molLuaca of ei- 
istiug species. The importance of these extraordinary and 
iuteresting facts will be rendered more obvious in a subw- 
quent lecture. 

G2. CoKOLDUiNO BEMARKS.— In conclusion, it will be 
useful to inquire, even though some repetition may be in- 
curred, what ore the legitimate iufereuces from the full 
that have been placed before us, aa to the condition of out 
globe aud its iuhabitauts during the tertiary epoch ? W» 
there, aa some have supposed, an essential diflerence in tbt 
constitution of the earth? — was its surface more covered 
with lakes and marshes than nowp — aud did animal liEs 
more abound in those types which are suitable to a lacu»- 
trine condition? — or have such conclusions been drawn 
from a partial view of the phenomena, and do the facts onlf 
warrant the inference, that certain regions which are no* 
dry land, were in ancient times submerged beneath the set, 
or covered by vast lakes ; and that there may have existed 
contemporaneously as great an extent of dry land as il 
present, in areas now buried beneath the ocean P — In tbt 
fossilized remains of the population of the tertiary lands and 
waters, we find all the grand types of the existing faunas,— 
terrestrial, lacustrine, and marine mammalia, — herbivorl 
and carnivora, — birds of every order, and of numerous specie* 
and genera,^ — reptiles, fisiies, cmstacea, insects, moU<wk«r 
zoophytes, and even those living atoms, the foraminifera, — 
in short, all the leading divisions aud subdivisions of the 
animal creation. In the vegetable world the same general 
analogy is maintained ; and, as all these varied forms of 
being required corresponding physical conditions, we have 
at once conclusive evidence that the general constitution of 
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the earth and the correlation between the organic and in- 
organic kingdoms of nnture during the tertiary epoeh were 
easentially the same as at present. Dry-land and water, 
continents and islands, esiated then, as now, — their geogra- 
phical dietribution may have Taried, — the temperature in 
certain latitudes may have been much higher, — fertile coun- 
tries may have occupied areas now covered by watfir, and 
marshes and fens may have prevailed in regions now arid 
and waste ; but the same agents of destruction and of re- 
novation were then in as conatant activity as at present. 
It ia true that immense numbers of large mammalia lie 
buried in regions where such creatures could not now find 
Bubeiatence, and ia latitudes where the climate is at this 
time unsuitable to such forma of organization. But some of 
these apparent anomalies may be explained by the fact, that 
the alluvial beds in which these remains occur cannot have 
been the sites of the dry land on which these extinct beings 
existed ; they are the sedimcnta of ancient lakes, the deltas 
of former rivers, tlie estuaries of seaa, — they are formed of 
the detritus of the land transported from a distance, and 
spread over areas then submerged beneath the waters. If 
the Qull-atream annually strews the shores of the Hebrides 
with the fruits of torrid climesj the currents of the ancient 
seaa must have produced analogous results; and, in our at- 
tempts to interpret past changes, it must not be forgotten 
that they have moat probably been produced by cauaea 
similar to those which are still in action. I do not question 
the assumption, that some of the countries containing these 
fossil remains may have enjoyed a milder climate during 
the tertiary ages than at present ; or that in still more an- 
cient periods there may not ha.Te prevailed a much higher 
temperature'; hut it appears to me, that the variation oi 
climate which a change in the relative distribution of the 
land and water would occasion, as suggested by Sir C. Lyell,* i' 
■ Principles ot GcoVoj^. 
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may Etcconnt for all the phenomena of this nature, which our 
examination of the tertiary formations has revealed. 

The occurrence of groups of animala of the Bnme families 
in certain districte is in atrict eonformity with the diBtrihu- 
tion of living species in regions not under the control of man. 
Thus, when ancient I'rance presented a system of lakes, 
animals fitted for such physical cooditiona found there tbe 
means of BubaiBtence, — when the vast plains and forests of 
America were adapted for colossal mammalia, there the mas- 
todon and the raamnioth obtained food and shelter, — tuid 
when the former continent of Europe swarmed with herbi- 
vora, the camivoroua tribes, as the great felines and the 
hyena, obtained the support which their habits and economy 
required. 

One striting feature in the events that have passed in 
review before ua is the immense scale on which the eitinc- 
tion of species and genera seems to have been effected : but 
it must be remembered, that our observations have eiteni 
ed over periods of vast duration, and that we have been con- 
templating tbe aggregate effects of a law which even in 
modern times has produced, and is still producing, greal 
and important modifications in the system of animated na- 
ture. In our attempts to penetrate the mystery which Teili 
the early scenes of the earth's physical history, by a refw- 
ence to the effects of the laws which now govern the organ* 
and inorganic liingdoras of nature, the caution of the illus- 
trious pbilosopber Playfair should be ever present to on* , 
minda : — " If esisting causes appear to be inadequate to the 
effects produced, it may be only that, in respect to mitti 
their movements are too slow to be perceived. The utmost 
portion of the progress to which human experience can ex- 
tend is evanescent in comparison of the whole, and must be 
regarded as the momentary increment of a vast pro^essioOi 
circumscribed by no other limits than the duration of the 
world. Time performs the ofEce of integrating the iofinita 
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BmaU parts of which the progression is made up,^t col- 
lects them into one scene, and produces from them an 
amount far greater than any that can be assigned from hu- 
man observation." * 

Thus the tertiary epoch displays to us a state of the globe 
replete with life : the physical constitution of the earth's 
surface, and the condition of the land and sea, being adapt- 
ed to the habits and economy of beings of the same types 
of organization as those which exist at the present time. 
In the most ancient periods certain forms of life prevailed 
and gradually became extinct, and were succeeded by others 
which in their turn also passed away ; and, in tracing the 
varying types of vitality from the earliest ages^ we perceive 
a gradual approach to the present condition of organic na- 
ture, in the contemporaneous existence of extinct forms 
with those which now exist ; the grand line of separation 
between the present and the past being the creation of the 
human race. Erom that era, in proportion as Man has ex- 
tended his dominion over the earth, many races of animals 
have been either exterminated or modified by his caprices 
or necessities ; and it cannot be doubted, that in the lapse 
of a few thousand years vast changes will be effected by 
human agency alone in the geographical distribution and 
relative numerical proportion of many of the existing genera 
and species of animals. 

* Illustrations of the Huttonian Theory. 
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1. Introddctoky. — The knowledge we have acquired from 
our investigation of the phenomena described in the prerioui 
lectures- will materially facilitate our geological progress, bj 
enabling ub to comprehend the former effects of those phy- 
sical agencies by which the surface of the earth has been 
perpetually renovated, and maintained in a suitable eon<^ 
tion for the existence of auccesaive racea of animated betngi. 

The elevation of the beds of seas and rivers, and their I 
conversion into fertile countries, — the submergence of » 
lands and continents beneath the waters of the ocean, — thB 
rapid formation of conglomerates from shells and corals on 
the sea-shore, — the accumulation of beach and gravel, and 
the inhumation of animals and vegetables, — the slow depo- , 
sition of Bedimenta by lakes and rivers, — the imbedding o( 
innumerable generations of insects, and the formation d. 
limestone from their almost invisible skeletona, — the con- 
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siractioiL of solid stone out of fragments of boneB and Touka 
shivered by earthquakes, — the ingulfing, in estuariea and 
inland aeaa, of land-animals, birds, and reptiles, — the con- 
"Vferaion of organic and inorganic substuneeB into rock, froiu 
"the infiltration of flint and lime by thermal waters, — the 
-transmutation of submerged snamps and forests into coal 
sod lignite, — the destructiTe and the conservative effects of 
Tolcfinic eruptions, — the consolidation of sand, gravel, and 
clay into indurated masses by heat, — and the production of 
metalliferoiis veins, — all these phenomena have passed in re- 
■view before ub, although our inquiries have extended through 
periods which, however vast and remote in relation to the 
j«cords of our race, are but brief and modem in the physi- 
cal history of our planet. 

The geological events previously described, though form- 
ing a connected series, may be divided into periods, each of 
which is marked by certain zoological characters ; namely, 
Ist, The Modem, or Human Epoch; 2nd, The Elephantine, 
characterized by the preponderance of large pachydermata ; 
3rd, The PaltBotherian, in which animals allied to the tapirs 
prevailed, and the European area presented a system of gulfs 
and lakes. 

2. FoEMATtONS OP THE BEOONDABY EPOCH. — We pro- 
ceed to the consideration of an antecedent epoch, — that 
which comprehends the Secondary Formations. Hitherto 
our attention has been principally directed to deposits con- 
fined within comparatively limited areas, as the basins of 
lakes, gulfs, estuaries, and inland seas ; and the superficial 
accumulations of drifted materials, produced by the action 
of torrents, rivers, icebergs, glaciers, inundations, &c. We 
have now arrived on the shores of that ocean of whose depo- 
sits the existing islands and continents are principaUy com- 
posed ; the deep beds of the ancient seas are spread before 
us, and the rehcs of innumerable myriads of beings which 
lived and died in their waters, and became entombed in their 
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profound abysBea, remain, lilie the mummies of aucietit 
Egypt, the ailent yet eloquent teachers of their own erent- 
ful history. 

A reference to the Tabular Synopsis (p. 200) will shoT 
that the secondary formations constitute the following prin- 
cipal Bubdiviaiona ; viz. the Cretaceotu, Wealden and Pur- 
bech. Oolitic and Liassic, Triaggic, Permian, Carboai/eroiu, 
Devonian, and Silurian and Cambrian systema, each contain- 
ing littoral and oceanic deposits ; sandstones having been 
formed amidst the agitated waters of the sea-shores ; clays iti 
tranquil bays and gulfs ; and limestonea in deep water. I 
purpose, in the present discourse, to explain the geological 
characters of the first two of the series, namely, the Chah 
and the "Wealden.* The former is composed of strata tbt 
have been accumulated in the depths of a sea of great ei- 
tent ; the latter, of the sediments of a vast delta ; the one 
affording a striking illustration of the nature of oceanic, and 
the other oijluviatile deposits. As both the Chalk and ti» 
Wealden are fully developed in the south-east of England, 
the phenomena about to be described may be readiSy ei- 
amined, and collections of the peculiar fossils of these fomw- 
tions obtained, with but little trouble. t 

3. The Chetaceoph or Chalk FOSMATioif. J — The neii^ j 

• The PurbEck beds will be included under this licading. The tint 
WeBlden is derived from the GemiBii IVald. siipiif^ing a Wood or ForMt 
The li'eald of Sussex wns Cornicrly un impenelruble ferest, called Audi' 
rida by tlie Romana, and Andreadaviald by the Saxons. 

t The Author's extensive cuUeclioa uf ihe FoBbils of the BOU(1)-««>t tf 
England wns purchased Borne years since by Ihe Trustees of the BritiA 
Museum. A brief compendium of its contents was previoualy publiatuA.^ 
by the Sussex Royal Institulicn. under the title of " Deiertplioi 
logue of the Mantillian Mutettm at Brighton," Bio, Brighton, ISUlJ 
filUi edilion. Most of the more important specimens have been fiil^ 
noticed in " PetrifacHons and iKetr TtacMn;/!, or Ihe FoiiiU of tie Britklit 
Mtueum," 8vo, London, Bohn, 1851. 

t For B maHlsrly and elaborate Ireatiac on the Cretaceous seriea. 
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ly pure, soft, white limestone called Ckalk is known to every 
one ; but in the Domenclature of geology, the term is applied 
to a group of deposits very diasimilar in lithologicaJ composi- 
tion, but agreeing in tlie nature of the organic remains which 
they contain, and evidently referable to the same geological 
epoch. The serieB essentially consists of green and I'erru- 
ginoUB sands, clays, marls, and grey and white limestones, 
abounding in marine remains. With this explanation it 
will be convenient to employ the term in its extended sense. 
The Chalk-formation comprises the following principal sub- 
divisions :— 

1. Gosau beds * (in the Eaetem Alps). 
3. Moegtiicht beds f (in the NetherluidB). 
^ 3. Clulk vilb fiintB. (Uppsr chBlk of England.) 
\ Qmj chalk, or chOiUi without \ 

nts. I (Lowui Chalk of EuglEUid.} 

6. Upper GrEensaud. (Fiieslone.) 

7. GaiitL 
/ Ruslyand etotq sands, i 
I Eenlish Rng. [ Lower Greensand. 
lAIherfiddBeda. ) 

The Chalk either underlies or forms the surface (more or 
less obscured by gravel and drift) of the south-eastera 
counties of England^ with the exception of the triangular 
area known as the Weald of Kent and Susses (see map). 
The hills bordering the Weald are composed of the more or 
leas upturned edges of the cretaceous strata, which are there 
easily studied in the innumerable quarries and sand-pits ex- 

OD the labouia of geologiBtB ia connEclion with tliia formalion, the reader 
is referred to M, D'Archiac's PragiSs de la Gtologie, vols. iv. and v. 

* The Goeau and Maeatricbt bed* are here eaumerated aa indicatii 
the existence, on the Continent, of (rue cietaceoiu beds decided ly of 
age than the English aO'caJled " Upper Chnlk." 

f See further oa, p, 3iS. 
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posing their structure. These strata are alao readily traced 
at their outcrop along the uorth-weatem edge of the chalk 
area of the south-east of England, from Torkahire, through 
Norfolk, Cambridgeshire, Beds, Bucks, Berks, and Wilts, to 
Dorset aud South Devon. 

A limited area of chalk and greensand (the latter termed 
"imJatto") occurs in Antrim, Ireland, where the former 
has been much disturbed aad altered by basalts and other 
igineouB rocka, evidently of post- cretaceous date. Patches of 
chalk-flints and greeussjid, probably the relics of strata once 
eiisting there, have been found in Aberdeenshire.* 

On the Continent the cretaeeona deposits are largely de- 
veloped; and, taken as a whole, the chalk-formation may be 
described as extending over a great part of the south aod 
east of England, Denmark, Sweden, Prance, Germanv, 
Greece, European and Asiatic Busaia, and Eastern Asia; it 
occurs alao in Southern India (Pondicherrj) t and in South- 
em Africa (near Natal) ; J and it is ertenaively distributed in 
North and South America. Over this vast extent, the or- 
ganic remains present certain general characters, sufficientlj 
precise to determine the nature of the deposits. Wbetliet 
imbedded in pure white limestone, coarse sandstone, blue 
clay, loose sand, or compact rock, the foasila consist, for the 
moat part, of species of the same genera of shells, corals, 
aponges, echinites, belemnites, ammonites, fishes, reptiles, 
and other marine animal exurite ; also wood and plants. The 
white chalk extends along a great part of the Dorset, 
Hampshire, Sussex, and Kentish coasts ; the precipitous 
headland of Beachy Head and the cliffs at Dover are well 
known; these natural sections exhibit the manner in which 



■ See Mr. Ferguson's paper in the Proceedings of the Glasgow 
Soc Yoi. iii. p. 41; and Mr. Saller'a Gool. Journ. vo 
t Geo]. Transact. 2nd Ser. vol. vii. p. 85. 
f Geal. Joum. vol. jj. f. 4&3. 
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the bedti have been, displaced, and thrown into Tarioua in- 
clined poeitions,* 

Along the Bouthern coast of the Isle of "Wight, the entire 
eeries comprised in the Cretaceoua series of England is ex- 
posed to view; and the characters and relations of the Tari- 
oua depoBita may be studied with facility, either on the 
Bouth-eaatem or south-weatem coasts of the " beautiful 
islaad." The white chalk atrata, thrown into ft nearly ver- 
tical position, and boldly displayed, on the east at Culeer 
Otiff', and on the west at the Needleg, traverse the island 
from east to weat ; being covered on the north by tertiaiy 
deposits. In Sandown Bay, the strata have an anticlinal t 
position, and on each side of the axis of elevation the seveml 
members of the Chalk series, namely the lower greenaand, 
gault, upper greensaod, chalk-marl, and chalk, appear in 
their natural order of succession. A similar section is seen 
in Comptou Bay ; while along the Undercliff, fallen masses 
of the upper beds, intermingled with detritus, form the 
ruinous chffs of that picturesque tract ; and beyond, at 
Black-gang and Atherfield, the lower greeusaud aeries con- 
atitutes the line of coast ; the Wealden forming the cliffs \a 
Briston and Brook bays. The details of this interesting 
district are described in the Geological Excursions round 
the lale of "Wight and along the adjacent Coast of Dorset- 
tAivK-X 

4. "WniTE Chalk, ajtd the Chalk-Downb. — The fea- 
tures of a chalk district are very pecadiar, when the surface 
has not been broken up for tillage, or is not concealed by 

" See The Fosaila of the South Downs, or tllustralionH of the Gsology 
of Sussex ; Geology of the Soulh-ea.st of Euglnnd ; Geology of Gie Isia 
of Wight. 

+ Anticlinal: a term applied lo atntia which iacliuB or dip txom 
central axis, like Iho ridge-tilea on Iho roof of D hnuso. 

X 1 vol. Sro, willinuaieraus illustrations, acctioiu,nm[i,&c.3[d.E' 
UohD, London, IStft, 
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vruodB and forests. The rounded suromitB of the hillt 
clothed with short vordaat turf, — the smooth undulated oul- 
liutHj of the Downs, unbroken save by the sepulehra! mouoda 
of the early inhabitants of the country, — the coombes and 
furrows, raaiifyiug and extending into the deep valleva 
which abruptly terminate at the base of the lulls, and appeui 
like dried-up channels of rivulets and streams, though bm 
from all traces of alluvial debris, thus bearing the uDprem of 
pliysiral operations of wbicb the agents that produced then 
have loug since passed away, — ai'e phenomena that must be 
familiar to every one who has travelled over the dowiu of 
the south-east of England. These features are restrioted to 
the hilly districts where the tokite chalk forms the subtoil, 
and have resulted from the peculiar nature of the Bediment- 
ory detritus of which the strata comprised is the upper di- 
vision of the cretaceous system ore composed. For wliw 
the lower group of clays, marls, sands, and sandstones ap- 
proach the suriAce and form the subsoil, the countif k 
broken and diversified, and the landscape presents a strikiDS 
contrast with the scenery of the Downs. 

The upper division of the cretaceous system is compotw 
oEbeda of a very peculiar white limestone, varying in thick- 
nesB from a few inches to several feet. In the White Clali 
(Upper Chalk of England •) there are numerous panJW 
rows of siliceous nodules, termed flints, disposed in irregaltt 
distances from each other ; and in some places sheeU (^ 
seams of flint ore intercalated betweeu the chalk strata, >» 
extend over considerable areas. The chalk is also travcnM 
by vertical and diagonal veins of flint. The only metallu 
substances are oxide of manganese, in the state of dendiwi 



■ The chnlk of tho neighbourhood of Norwich nppenni, from 

conleiiU, nnd other charaflcra. lo be the youngest of lhr> cnJUceoUi bodi >~ 
Brimin ; but even Ihia in ninth older Uinii tlio chnlk of iho Nelbotlw^ 
■nnie clOUCuoiu d::pOBiU in Dcamurk, und Ihu ttiki 




cal or arborescent markingB, and oxide and sulphide of iron. 
Iroa-pjrit«B occaaioDally constituteH the casts of aheUa, 
echini, &c,, the aiirtace of the mineral retaining sharp un- 
prints of the atructural eharactera of the original. 

The white chalk is coinpOBed of lime and carbonic acid ; and 
a. microacopieal analysis proves it to be a mere aggregation ot, 
1. microHcopic sheUs and moBB-corals, so minute that upwards 
of a million of the former are contained in a cubic inch of the 
rock ; 2. fragments of the above and of larger shells, espe- 
cially the cell-prisms of the Jnoeerami; 3. still finer parti- 
cles which, under a powerful microscope, appear to be the 
detritus of simHar structures, and not a chemicitl precipitate. 
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The appearance of a few atoms of chalk-dust, under a highly 
magnifying power, is shown ia. this figure {lAgn. 55). These 
organiBma are the caJcareous cases and shells of the animal- 
culea termed Foraminifera,* which swarm in inconceivable 
numbers in our present seas, and are daily and hourly c 
tributing to the amount of sediment now accumulating i 
the bed of the ocean. 

• illedala of Creation, vo\,v.^.Si'^- 
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5. Flimt KODCtBB AKD TBWa.— The _flinlt (aa the oili- 
ceoiia nodules are generuUy termed) octur lE horiionlal 
rows or layers, generally parallel with the UtieB of BtMtifi- 
cation of the chalk, but placed at unequal dietancea from each 
other. They are of all sizes, from that of a aniall nut to ituwea 
several feet in circumference. But beaidea these parallel beda 
of nodukr flints, there are sheets of flint intercalated between 
the chajk strata, and covering Breae often many miles in 
extent. These continuous layers ore termed tabular flint; 
they are seldom more than two or three inches in thicknMii 
and veins and threads of ailex frequently ramify from them 
info the fiaaurea of the aurrounding chalk. This tabularfUnt 
is generally solid throughout, but aometimea encloses a Ityet 
of chalky matter, full of the usual minute organisma of the 
chalk, Vertical and diagonal veina of flint filling up cre- 
vices and fisaurea in the rock, and traversing both the atntl 
of limestouo and any abeeta of tubuUr flint that may be in- 
terpoaed, are of common occurrence ; these prove that the 
lower beds were consolidated, and had aubaequently been 
fissured, before the auperimpoaed strata were deposited, and 
the siliceous matter found its way into them. 

The nodules and veins of flint * that are so abundant in 
the upper chalk have probably been produced by the ageimj 
of heated waters holding silcx in solution, and depositing it 
when poured into chalk-aea. The perfect fluidity of tlK 
siliceous matter before its consolidation is proved not onlj 
by the sharp moulds and impreasiona of ahclla, &c. retained 
by the fliuta, but also by the preaeuce of numerous organifl 
bodies in the substance of the nodular maaaea, and the sili- 
cified condition of the spongca and other zoophytea which 
swarm in some of the cretaceous strata. Though silcJ!, <tt 

" M. D'Atthiiic, in (he Slh vol. of his ddmirabie and higJiiy iikIU 
work oil (hu ProgruM of Reology (ProRT^ii do In G^ologie). giTis sn eiMl* 
1«nt r^iim^ uflho opiniona uflhe luthura who have trrittod ofths eriftt 
at dials in chalk, and gives ulso a list of the works oa Uiii lul^act. 
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the earth of flint, is insoluble in boiling water, its solution, 
as we have previously stated (p. 93), readily takes place in 
vapour heated to a temperature above that of fused cast-iron 
(p. 100) ; and similar effects are being produced at the pre- 
sent moment bj the thermal waters of active volcauos (p. 
98). The temperature to which water may be raised de- 
pends on the presence or absence of air ; for it has been 
proved by direct eiperiment that water deprived of air may 
be heated to 275° of Fahrenheit, under the ordinary prea- 
Bure of the atmosphere, without exhibiting any symptoms of 
ebullition. The solvent power of water on rocks containing 
silex may, therefore, be fuUy adequate to produce all the 
phenomena presented by the siliceous nodules, veiuB, dikes, 
&c. of the chalk-formation ; and our cbalk-flints may possi- 
bly have originated from the quartz of granitic and other 
plutonic rocks, dissolved in heated water, and erupted into 
the basin of the ancient chalk-ocean. 

There are other observers, however, who are inelmed to 
believe that the flints on the chalk, ae also in the Portland 
oolite, and other calcareous deposits, owe their origin to the 
sponger, of which such frequent traces are recognisable in 
connection with the flint, Mr. J. S. Bowerbank • advocates 
this origin for every kind of flint nodule and vein in the 
chalk, and has amassed a large collection of recent sponges 
illustrative of the growth of the porifera over and within 
shells, sea-urchins, crustaceans, sponges, corals, and other 
organisms, as well as over inorganic substances and in clefts 
of rock. How or why the siles, thus considered as repre- 
senting the spongef, should have invested or replaced organic 
bodies and the porifera in particular, is BtUi left unaccount- 
ed for. 

Lastly, Prof. Ehrenberg has suggested that the flints may 
be due to the chemical segregation of silex derived from the 
siliceous remains of diatomaceie, polycystinee, &c. 

■ Gaol, Tnmaacl.Tol. Ti. p. 181. British Asboc. Reports, ISW. 
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6. Ohoanio BEMiiss IN FLINT. — In manj inBtances the 
organic remains in chalk-flinta are simply incrusted by ailei: 
aueli ia the etate of numerous sponges • which are, as it were, 
iuveeted by the flint, and have their pores and tubes filled 
by the same material ; the original tissue having disappea^ 
ed, or been replaced by soft, femiginous, earthy matter. 
In other eiamples the sponge has been apparently enreloped 
by a mass of liquid aOex, and has subsequently perished; 
in this manner have been formed those hollow nodideSp 
which on being broken present a cavity containing only > 
little white powder, or aome tragments of ailicified sponge: 
while in other instances the cavity is lined with quartz ot 
chalcedony. It frequently happens that only part of the 
zoophyte ia permeated by ailei, while the other portion is 
in the state of a liable calcareous earth imbedded in the 
chalk. 

Uponges and other organic bodies often form the nuclei 
of flint nodulea, and the original substance of the fossil ia 
generally silicifled, and the most dehcate internal etructnie 
preserved. In other instances the enclosed organisms havB 
undergone no change, but appear as if immersed and pre- 
served in a semi-transparent medium ; such is the state in 
which foraminifera, mosa-porala, &c. often occur. 

But there are innumerable flint nodules which exhibit no 
traces of spongeous structure, and veins, dikes, and sheetB 
of tabular flint that may be regarded aa pure, and free from 
organic remains, excepting such as must inevitably have be- 
come entangled and embedded in a stream of mineral tnst- 
ter flowing over a sea-bottom, and into its fissures and cavi- 
ties. Wood which has been perforated by lithodomi, and 
sUicified, is not scarce. Bones of reptiles and fishes a« 
often impacted in a mass of flint ; hut in only one iostancB 
have I observed that the silei has permeated the oaseooi 
structure. 

• See Meditla of CreBtion, vol. i. diap, Tii. 



In the London Qeological Journal of Hejitembor, 1846, 
Mr. Cbarloswurth deBcrilied tin inlentstin^' iipticiniisn of a 
part of a jnw of a cretaceouH reptile allied to Mouuiaunii, in 
which the pulp-cnvitioa of the tiieth are jiartiall}' fllli'd with 
black flint, witliout any accompanying »iliciBpfttion of tlie aur- 
rounding bony tiMue ; and ho Huppoiiuii that n Hiiiil liolding 
Bjlei in Bolution, or the Bilei in a v'uuiid state, inuat havo 
reached the cavity by traversing the vniieuliir pMNnKc* in thi> 
bone of the jaw. The aame memoir contoiqfi a abort rfnum^ 
of the opinions of Werner, Buckland, Turner, and ]{hronborg, 
on the origin and formation of the flJnta in Clialk. 

7. Akimalcttlkb in flint. — ror the moBt part, the mi- 
nute BhoUa in the ehalk and flint are tilled with amorpIiouN 
mineral matt«r ; but iii many examplcii, oa 1 have aiicortain- 
ed by direct eiperiment,* the soft parti or body of the ani- 
malcule remain in the eliell ; BOmetimes completely niliuifieil, 
but in others in the etate of dried animal membrane, li\io the 
ink-bag of the cuttle-fish in liaa, the Boft parts of cephalopoda 
in the Oiford clay, and the capsule of the eye and mcmbranoH 
of the air-bladder in certain fiiiheBof the chalk.f Tri theflintN 
Bueh Bpecimens are by no moans rare, and, from the iierai- 
traoBparency of that mineral, are oaaily detected under the 
microscope. The annexed figure {Li^n. 60) repreiieiitti the 
body of a Sbialina in its shell ; the original is in flint and 
invisible to the naked eye, but under a good microscope its 
structure is beautifully defined ; the folds of the membrane 

■ See my obMrvaiiont " On Ibe Foaeil Rem&lni of the aoft psrli of 
ForamliiifeTa ditcoTered in the chalk and flinl of Ibe MiiUi-eiwt of Kii|- 
Und." PhilcHtophical Tratuaclioiii, IB'ie, p. 4GS. 

t 1 would reHsr (hu general reader who ii not conreraanl with the vari- 
oui condition! in wliicli Ihe remalm of ve^tabln ind animnia occur in 
tlie mineral kingdom, according to the clrcuimiUincM under which Ihsy 
were originally imbedded, and iho chemical ehnngea they may liavo Bub- 
■equently undergone, to my remarks " On (As Naltin of FoitHn or Or- 
ffonie RemaiHi," Medals of Croaliun, vol. i. chap. iii. Sue alati " In- 
lirvetvmi for tha cotttetiitg of Fonitt," vol. il. p. 631. 
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a the cella being aa obvioiu a 



a. Bpecimea obtained frooi 



The ehDlls of the EosalinsB and Teitulariso in the chall* 
ilao contain the desiccated soft parts of the animalcule) 
iamineralized ; and by dissolving the chalk and ahelli is 




weak hydrochloric acid, and imnieraing the residue in 
transparent medium (^Canada haltairt), the tissues are as dii' 
tinctly seen as in the recent Btate. I shaU again refer to 

■ The soft porta of ForaminiferB are also oblainable from (he |taU, 
by careful manipulalioD. nnd from llie Kimmeridge day, ia whidi ibo 
Kcv. Mr. Reade obtained them geveral jesa since. 

t Specimens of the Foraminifera, Spiniferites, and other minule fnnl 
organisms of the chalk and flint may be obtained of Mr. Topping, Ihi 
well-known microscopic artist, No, 1, Yorli Place, Pentonville HiU; 
Mr. Norman, 14, FoimUin Place, City Hoad; and of Mr. Tenaaiit, 149, 
Slnmcl. See Medals of Creation, vol. i. pp. 65, 371, «nd ToL iL p. 6M, 
for Inilnatioiu hira to prepare Faitiltjor tke MicroKapt, 
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tlus subject: when treating of the organic reiaainB of the 
cretaceous aystem. In tbie place, 
however I would call jour attention 
to an exquiBite example of the pre- 
SiTiation of the soft parts of an ani- 
Huliule in flint. The fossil here deli- 
neated (Liffit. 57) was discovered by 
the Eev J. B. Heade, a gentleman 
well known for his accurate mioro- 
si.ij|iL inveatigatious. It is appa- 
leutly a polyp-cell with a portion of 
the animal protruded, and the whole 
tuveloped iii once fluid siles : with 
the eiLeptioo of the tentacula, which 
iippear either to have perished, or 
to hare collapsed so as not to be 
ci.iiai,-ruiii'iMimiini, distinguishable, the form and stnic- 
'iZJw^t^i'l'ijS'' *'^''^ °^ ^^^ original are admirably 
preserved. 
8. SporiFBElTES {Xantkidium, Ehrenberg ; Aateridium^ 
Smith). — Microscopic spherical bodies very similar to those 
frustules of Desmidiace^,* which Ehrenberg has named Xim- 
tkidia, are so abundant in the flints, that I must briefly no- 
tice them in this place. These minute fossils occur both in 
the chalk and the flint ; and, though frequently silicified, 
have been detected unmineralized in the chalk, and as flexi- 
ble as the soft parts of the foraminifera.t 

■ For B notice of the Desmidiacpffi and Qlher miniilB infusorial otgan- 
isniii fornserly regarded as aulaials.but now grouped with Uie vegetables, 
see Medals of Creation, to]. L p. 91, 239. 

t The Spiniferites were firsi discovered in this slate by Mr. K. Deane, 
Microscopical Society's Tranaaotions. 1846. A specimen from the chalk, 
alno oblainod by Mr. Deane, U figured in the Phil. I'rans. 1816, Fl. 
xii. fig. 1. 
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' The little Hphdrlcal fuaiil bodiiM under notice are pmba 
lilythe KporuB of nlgw; thej 



I 

^^^^r art! iiMimbnuiouB and hi 

^^^T' f^^^Sii^^^KfR^f^Si t.ubulur jiroiwsBci, which, 

^^V *' ^»\ V' //'i/'l """ly Bpt'cioB, are fliiibii- 

^H P--'*'^4:*iw^' \ '"^^'' "'^ '''''^ Pitrt'mitii 

^H fc """^W^ ^A m ""^ ^'"'y couBiderftbty 

^^ L ^' ff \ m '''"'''" '^PI'""''"Ks* ^"""J '""flC 

!^ .'(■il U > :^B and thoir eitremitiea patiK 

V a*t"'^^^^|j^^ I""* ""'1 fimbriated. In a 

^^IBBi^^^^^^ nwi! Bimoiea (diMOVored bj 

Mr. Keginald N. Maiitcll>, 

Um-. w.-m-iHiniirrB i-.i.-.Tnu. tho BpiriOB Mti sliort, I.H]Ua3# 

r/v*ri^/'7l"Xj and ndatirely tliick (i-j* 

B8, ^ji. B) [ in otbem they 
are intcrmiidiate in length, praportiona, and nutiiber(a« in 
Liffti. C9, Jiff. 4, 0). Thu munner in whieh thflso bodies o* 
cur in the flint is Bbowii in the example figured in Lig*. 
69 ; which is a thin chip containing fire Spiniferitea, that wu 
broken off at random from a nodule. Tlie H]>»cini(^n is n> 
preaented of the natural sine in^^. 1 ; aliglitly raagniBed h 
seen by transmitted li(;ht in^^. 2 ; and under a higher power 
in jfy. 3 ; the fragment having been previoiialy rendered 
transparent as glosa by immerBlon in Canada balaam. JVft. 
i, 6, B, reproBeut the three best-defined apucimcna highly 
magniEed. 

Tbs Rer. Mr. Reads flnt nulicod Iha SpiniforilM ot Ibe Bntlli 
chilk, iiid Hfpind levenl furma, which ho rauud in Sinl, in Uh AnnaU 
Natural Hiilury, IB3S, vol. li. Mr. li. H. Whita >ub«qiienlly IlluauUI 
a grentsr Tariely ot foail formi at Uiuo problomatical bodiea in vol. L 



tbn Tianiaclion* ot lh« Miaioicoptcal Kocietj'. Mr. H. D«iiiio, in 
ipODnd Taliime of them Tralmiu'llon*, lupplled addilloiml initI«Hat« for llW 
■ludj' of the Spiuiferi(«) ot the Chalk, and Mr. S. J. Wilkinaon 
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bated to (tie same Tolnme a paper on foaail and recent XanthidU, the 
latter haying been obtained from New York, the Medilerraneim, and in 
rte Thames at Groenhithe. In (he 3rd rulume of the MicroBcopical So- 
ciety's TransHcUona, 18.VA p. 16& and IGS, Mr. Hhwlboll Im published 
»ome inLeies(ingr8matlia nnd very iiistru. ■. ■ ■.' ..^L■ Xonlhi- 




dinm-Iike bodies, which he r^nrda aa (he " sporangia of some of the 
filamentous fresh- waler Algas." The Rav. W.Smith, treatingoflhesespiny 
globules (which he lerma Aileridia) in the Quarterly Journal of Micruaco- 
piual ScienDe, ral. i. p. 63, observes that he has found (hem nol only in 
(he fUamealary Mgm (as Mr. Shadbolt had), hut also in Deamidiacere, 
and occasionally in Diatomacee ; he could not, however, regard Ihem an 
Sporangia, but looked upon them as abnormal growths of the nuclei, or as 
parasitical. Wbatevor their true character as organisms may be, the 
SpinirerKea oi Aataridia clearly have some close relation to (he Confer- 
vaoen and aChet Microphytes ; and the numerous Bpeolmens found in the 
chalk are probably referable to marine plants of the same tow order of Algm. 
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9. MtODLE 1.ND LOW£R OBOITFfl OF THE OhaLK FOBUl- 

Tios.— Beneath the Chalk- with-flinta is a series of atrataot 
equal thiclincaB, termed the Grey Chalk aad Chnlk-marl, in 
whifh no flints are met with in England, except in a few lo 
calitiea ; in some places on the Continent, however, nodulet 
and veins of flint occur in the lowermost beds of challi. 
Of the lower inferior members of the cretaceous formatidn 
there are some remarks at p. 301. The Upper Qreentani, 
Oault, and Lower Qreen»and do not very much vary in their 
charactera and relations in England and over a great part of 
weatera Europe : the following ia a concise view of theM 
de]ioBits, in connexion with the upper group. 

The Chalk,* as already mentioned, is generally while, but 
BomctimcB of a yellow colour ; nodules and veins of fliut 
occur in the upper division, but seldom in the lower chalk 
of England. The Chalk-marl is an argillaceous limestune, 
whicli is very constantly found underlying the chalk ; the 
lower beds contain a large intermiiture of greea 6and,t ami 

' Thin •emms of > grceniah-coloured marl intervene betarcen stmieuf 
(he white chalk girata. A portion of UiIb enrtli from Soulhcrhuipit.nt*' 
LewiMi, uiilyzed by my friead, Mt. Olndstane, of Stock well, g>Ta Ihebl- 

Caibonale of lime ■ 2Q'G6 

Lime . . . , 4'35 

Alumina .... 2-31 

Peroxide of iron . !■« 

Sulphate of magneaia . . 3'14 

Organic mBttcr . . 5-14 

laaoluble in acida— probably silica 55-21 

Lobs . . . . 2-20 

t Thwe green gTain*. — composed of ailicale oC iron, and formiot « 

frequent an ingredient in rock* of all ages, from the silurian aaoda of 

the north-weat of Rnasia, to iha oolitic, cretaceous, and tortiarr depoaiu, 

—are especially inlercaling since Ehreuberg and Bailey have denoif 

Btratfld tha frequent occunance of recognisable ca£li of ahella of the 

minute Poraminifera aa green oi colourless graina amongst these green- 

sanda. and apparently sometimoi forming a censidersble proportion of 

(lie H'holo. Mr. Bailey haa lately noticed a similar formation of 
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pass mto green and greyish Bands, or coarse calcareous sand- 
atone with green grains (the "fireatone" of fieigate), which 
constitute the Upper Oreensand. Thia ia represented in" 
Cajubridgesbire by a thin band of phosphatic nodulea and 
organic remains (fully representing the fauna, or group of 
animals, of the cretaceous sea in this district) imbedded in 
a marly greenaand ; and appears to be absent stiU further 
northward, lu Wilts and Dorset, however, it ia consider- 
ably developed -, sometimes to a thickness of more than 100 
feet. The aponge-gravels of Farmgdon, and the cherty 
sandstone of Blackdown in Devonshire, have been referred 
to this member of the series. It has been suggested, how* 
ever, that the latter was deposited in the shallower waters of 
the chalk-sea, whilst the gault was being accumulated in the 
deeper water; and that the former belong to the Lower 
Greensand. In Yorkshire and Noriblk a bed of hard red 
chalk linderlies the chalk-marl, to the esclusion, apparently, 
of the Upper Greensand. 

The Gault is a stiff, dark-blue clay, abounding in ahells, 
which, as in most argillaceous beds, retain their pearly coat- 
ings unimpaired in lustre. It ia sometimes Beamed with 
red marl, and occasionally contains nodules of clay-stone. 
Green sand ia not uncommon in it, both as intercalated 
bands, and diaseminated, especially towards the base, where 
it frequently abounds with gritty nodulea enclosing broken 
caats of ammonites, fragments of wood, and other organic 
remains. 

The Lower Qreemand m a group of sands, saudatones 
limestones, and clays ; with beds of chert and fuller's earth 
in aome localities. The upper portion of the Lower Green- 
aand in the south-east of England consists of ferruginous 
and white sands,* passing towards the south into sandstones 

und in a recent sUte (Gulf of Mexico). See Annali Nat. HuL, 1856, 
No. )07, p. 425 ; and Berlin Tiaoaact. \8bb. 
* The while Band is well shovn close to the Utile quaint old town of 
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nnd grits, with much ^ocd saad, and full of xpongM and 
uhellB of B, large Gryphiea. These underlie the gault at 
Folkstone, aad pnsa downwardB into argiUnceouB beds, alw 
full of green sand. The lower part conHinta, let, of sand- 
Htono, and a highly foBsiliferoua grey timeetone (hn< 
"Kentish Bog"), with some chert and abundance of the 
usual green groins : 2nd, of dark-coloiu%d clays and sand 
rock, termed the Atherfield beds.* In other parts of Eng 
land the Lower GreenBand is represented by ferruginon 
and green sands, with occasional beda of Bandy stone or 
grit. At Nutiicld, near Bcigato, this series baa yielded > 
large supply of fuller's earth for many years. 

These various strata can bo atiidied with facility on tlie 
southern coasts of the Isle of Wight \\ at the northern cod 
of Swaiiage Bay (where, however, they are much squeezed); 
and along some parts of the DorBetshire coaat ; also at South- 
bourn, on the Sussex coast, whore the Gault, with the Upptt 
and Lower Greensaods, emerge from beneath the white chilli 
on the north of the South Downs ; aud on the coast of Kenti 
where the same group rises from under the chalk on the 
south aide of the North Dovras. The Hunstanton cliffs and 
the coast north of Flamborough Head afford sections of ibe 
more northern equivalents of these beds. 

10, FoLKSTONB Cliffs. — The relative position of tie 
cretaceous beds is well displayed at Copt Point, near Folk* 
stone. The Upper Greensand (which is very thin in tli)> 
neighbourhood) appears as a terrace inland, coming out be- 

Aylesfocd on (ho Modway, nnd ia uaed for glua-muking. Tho La«<r 
Orvcnaand noar Ayleabury. Bucks, and at a l'i;w other places, ■!«) aff< 
whits glua-auid. 

* For doliilcd nccounls of llila lerioa, see Dr. Pilton'i Memoii* in Uif 
TriuisiLct. Geol. Soc, 2nd Scr., vol. Iv. ; Joum. Goal. 600., vol. iu. p. 2B4! 
and Oeolo^ of the lale a( Wight, p. 104. 

-t Situ (Ji'ology of tho Isle of Wight, fur lisla and Qgurei of fbiula o[ 
M of tb&t dklrict. 
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low the chalk-marl; the GUult conatitutes the face of the 
cliff, and reposes on the Lower Greeoaand, which fornis the 
base of the cliff {Lign. 60). Eastware Bay, near Folkstooe, 
IB celebrated for the beauty and yariety of the Gault foisaila. 




which are constantly being washed out of the cliff by the 
action of the sea. 

Thia Heriea may be traced with more or leaa distiuctneaa 
around the denuded area of the Wealden. The lowermost 
member, the Lower Greensand, rises into more importance 
towards the west ; and in Surrey, Hampshire, and western 
Sussex, forms a line of bold hills, which ruuB parallel with 
the chalk-downa, and rivals them in altitude ; a valley of 
gault generally intervenes between the sand and chalk, as at 
Beigate. Along the Kentish coast the three natural sub- 
divisions of the Lower Greenaand are clearly defined. The 
upper memter, or Shanklin sand, ia chiefly made up of fer- 
rugiuoua sanda, with ironstone and concretions of chert, and 
dark sandy clays in the lower part. The middle group is 
marked by the prevalence of green and grey Band, with bands 
of calcareous Bandstone and cherty limestone, called Kentiah 
Bag. The lowermoat, or Atherfield series, consists princi- 
pally of Bondy argillaceous beds, with layers of concretionary 
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limestone, containing numerous peculiar fosaile. The Shank- 
lin and Atherfield depoaita are ao named from localities in 
the Isle of Wight where they are developed in great thii'k- 
ness and extent.* 

11. CsBTACEOtra aTEATA NEAR Maestbicht. — In the 
vallev of the Meuae there ia a series of strata, the upper- 
most beds of which contain many sheila that occur also in 
the tertiary ; these deposits pass downwards into limestonB 
with nnmeroua flint nodules and cretaceous fossils ; and 
these imperceptibly blend with the pure whit« chalk at the 
bottom. These strata are well shown on the banks of tlie 
Mouse, and fossils may be obtained in abundance from the 
extensive quarries, which have been worked for ages, St. 
Peter's Mountain, in which these escavationa are situated, i* 
a cape or headland between the Meuse and the Jaar, forafii 
by the extremity of a range of hills which bounds the west- 
ern side of the river-yolley. The mountain cnmmencea at 
the distance of a mile south of Maestricht, and extends in * 
direction towards Liege for about three leagues ; it presents 
an almost perpendicular escarpment towards the Meuse. 
A aection of the hill affords the following euceeBsion rf 
strata ; — 

1. Calcareous freestone, and beds of loosely a^fregated 
sand, of a yellow fawn-colour, abounding in fosails. JTumw 
oua layers of flint occur throughout the entire series, having 
the usual characters of the ailiceous nodules of the chalk. 

2. Chalk, very hard and gritty. 

3. Lowermost : White chalk, with layers of flint nodul««. 
The Maestricht freestone is so extremely soft in thi 

quarry that it may easily he cut with a knife, but it harden! 
and becoraea of a lighter colour by exposure to the wr.f 

■ See Geology of the lale of Wight for deULlB ; 

t The avidity of colleclon baa induced the qnartymea 
ingenious fraud upon strangerg : teeth and bones of 
■n carefully imbedded in blocks of (he 
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The beds of limeatone hare a total thickness of ahout 600 
feet, BxcaTatioQB have for eeoturiea been carried on in the 
strata of iieestone, and, from the immense qiiantitieB of 
itoae removed, extensive caveruB and gaJleriea now traverse 
the heart of the mountain. Shells, corals, eruBtacea, teeth 
of fishes, and other marine remains occur in profusion ; with 
wood perforated by boring mollusks, and the bones of a 
large and very remarkable reptile." 

12. The Mosabadbus; ob fossil keptile of thi 
Mecse. — The occasional discovery of bones and teeth of an 




unltDOwn animal in the limestone had long since directed 
the attention of natumiista to the quarries of St. Peter's 
when the stone becomea hard, the specitnenB nre ofibind for sale as genu- 
ine rouiln frnm the quitnies ; the deception may be detecled by immers- 

• See Hist. NaL de la Montaimo He 9t. Pierre, by FBiijiia St. Fond, 
1 Tol. 4lri (1799), wilii fine enpravings snd numerous flp;ures of the fossils 
that liavB been discovered in the quarries oC St. PsVct' s NliiaKwia. 
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Mouatain. In. 1770 M. HofFmaim, who was forming- a col- 
lectioD of organic remoini, bod the good fortuoe to discoTer 
a Bpecimen which has conferred additional interest on this 
locality. Some workmen, on blasting tbe rock ia one of the 
caverns of the interior of the mountain, perceived, to tbeir 
astonishment, the jaws of an euormoua animal attached to 
the roof of the chasm. Tlie discovery was immeclintely made 
known to M. Hoffmajin, who repaired to the epot, and for 
weeks presided over the arduous task of separating from the 
rock the mass of stone containing these remains. His la- 
bours were at length repaid by the succeaafiU extri<«tioQ of 
the speeimen, which he conveyed in triumph to his huuae. 
Unfortunately, the Cauou of the Cathedral which stands oq 
the mountain claimed the fossil in right of being lord of tho 
manor, and succeeded, by a vexatious and expensive lawsuit, 
in obtaining this precious rolic. It remained in his posses- 
sion for yoars, and HotFmann died without regaining his 
treasure, or receiving any compensation. The Freuch Re- 
volution broke out, and the armies of tlie ^Republic advanced 
to the gates of Maestricht ; the town was bombarded, but 
by desire of the committee of savam, who accompanied the 
French troops, the artillery was not allowed to play on th»t 
part of the city in which the celebrated fossil was known to 
be contained. In the mean while the Canon, shrewdly sus- 
pecting why such peculiar favour was shown to hig residence^ 
concealed the specimen in a secret vault ; but, when the 
city was taken, the French authorities compelled him to 
give lip his ill-gotten prize, which was immediately transmiU 
ted to the Jardin deg Plantea, at Paris, where it stilt formi 
one of the most striking objects in that magniiicent col- 
lection. 

A model of this specimen is in the British Museum) 
and another in the Museum of the Geological Society: it 
consists of the jaws, teeth, palate-bones, vertebne, and Of 
2uadratum, a bone posseaaed by some reptiles, and in which 
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the auditory cells are contained.* There are some fine por- 
tions of jaws, with teeth, and some vertebrie ol' the MoeH' 
saurua in the British Muaeum. The uriginal was a reptile, 
holding an intermediate place betireea the Monitor and 
Iguana, about twenty-five feet long ; its tail appears to have 
been of such conBtniction as to have rendered it a powerful 
oar, enabling the animal to stem the wavee of the ocean, 
of which Cuvier • euppoaea it to bavo been an inhabitant. 

In the Engliab chalk a few remains of this reptile, or ofa 
Bpeciea very closely allied, have been met with. I coUected 
three vertebne from the upper chalk near Lewea, many years 
since ■,'\ and have also obtained a caudal vertebra from Kemp- 
town, near Brigbton ; the latter ia partially invested with 
flint, which has consolidated around it without obscuring its 
essential charactera, % Mosusaui'oid teetb occur in the cre- 
taceous deposits of Galicia, and have been met with in the 
chalk of Kent andof Essei.g Some are apparently indistin- 
guisbable from those of the large MoaaBauruB(Jlf,iro/manRi)- 
others belong to the M. graeilia, and others to Lmodon an- 
eepi {M. glenodon, Charles worth ) . 

Bemains of Moaasauri and closely allied genera occur iu 
the cretaceous deposits of Upper Missouri and New Jer- 
Bey,|| U. 8., and afford additional proof of the extension of 
the waters of the chalk-ocean over the area now occupied by 
the Atlantic and part of the dry laud of North America. 

• 8e« FomLIs of iLe British Museum, p. 1%. The Mosasauraa, re- 
presented by u line rentotation of iu hend, lukea ita place amongBt Uie 
primeviJ monsters in the Crystal Palaci! gardons. 

f See OaserocnU Poisilea, vol. v. p. 326, &c 

t Geology of tiie South-EBSl of England, p. 146 ; Fosails of the South 
Downs, pi. 33 and 41. 

i Medals, vol. ii. p. 707 ; Di^on'i Fossils. Sussex, pi. 37 and 39 ; and 
Owen's Monog. Reptiles of llie Chalk, lS!il.' Mi. Filch'a oollectioii nl 
Norwich conlains wimD mososauroid teeth from the Norfolk chalk. 

{I Dr. Oibbs, Smithsonian Conlribulions, vol. ii ; Dr. Morion's Syn- 
opsis Oi^. Bern. U. S. ; and Prof. Kogera, Quart. Geol. Joum. vuL t. 
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13. Cbetackotts stbata of otreb ooTnuTBraa. — In the 
north of Praiice the same characters predominate ; but in 
the Houth, the group is more or leas caleareoua throughout; 
and the lower divifiion, which is the repreaentative of our 
greensands and clays, conaists of caleareoua beds, with white 
limestone and tufaceous marlBtone. 

In Central and Eastern Germany the entire ayatem in 
more siliceous, calcareoiia matter being very aparingly dis- 
tributed. Iq Saxony it conaists of siliceous sandstane,— 
coBgiomerates, chert, and I'emiginous sajid and sandstone,— 
calcareous grit containing the well-known gauJt-shell, Jiio«- 
ramu* concentriem, — and calcareous roek with hamitet, 
scapliites, terebratulte, and plagioatoma ; the uppermost 
strata yielding a ailiceouB building-stone. 

In Euaaia the white chalk is finely developed in the 
aouthern. ateppes of the Don Cosaacka;* and Artesian wells 
have been carried to a depth of 630 feet through theae atreti, 
without indicating any change of rock. The chalk A 
TTapenak . hea in hollows of the carboniferous system, and 
containa many well-known English cretaceous shells, In 
the royal collection at Warsaw are echinoderms and shells 
from the Polish chalk, identical with our common species; 
even the Ohoaniteg Kxnigi occurs in the flints, as in thosf 
of the South Downs. t Sir B. Murchison observed true 
chalk on the banks of the river TJral, the estreme boundary 
of Russia in Europe. On the Volga the white chalk passea, 
through a group of clay-stones and ahalea, into tertiary 
eocene strata. The surface of the chali of Euasia is no- 
where eroded as in Western Europe. 

In North America, the cretaceous deposits of Nebrask* 
appear to contain foaails that are representatives of those of 



• Russia nnd the Urnl, vol. i. f. 26S. All Iha remarks reliting to lb« 
:oIugy of RiisaiEi sro derived from thia woik of Sic R. I. Murchisao «b1 
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the middle and upper members of the British aerieH, a few 
species only being identical with oura. The chalk strata of 
New Jersey ,• that intervene between the AUeghany moim- 
tains and the Atlantic, lithologically resemble the Bandy and 
argillaeeous beda of our gault and greenaand; but contain 
few fossils identical with those of Europe. The overlying 
tertiariea oousiat of marly elaya and varioualy coloured sands, 
with green particles, as in the bottom of the mottled claya 
near Reading. Such is, for the moat part, the character of 
the series in New Jersey : and further south, in Maryland 
and Virginia, the eocene strata are aa full of green partielea 
as the cretaceoua, and can only be distinguished by their 
fossils and geological position. + 

14. Obqanic bbmainb of the Chalk foemation.J — I 

• The cretaceous straW of New Jersey appear lo agrefl in chronological 
relations vith Uie upper cielaceous depoiiils of Europe, including the 
gault, chalk-marl, chalk, and the Maealricht beds. Prum the compari- 
son of the cretaceous shells of New Secsey with those of the chalk series 
of Europe, it may be ohserVBd that the correspondence ia not small, when 
we leflect that the part of (he Uniled Slates where these strata ocour ii 
between 3000 and 4000 miles diat^nt from the chulk of central and 
Dorlhem Europe, and that there is a difference of ten degrees in the lati- 
tude of the places compared on opposite sides of Ihe Atlantic. — Lyetl. 

These strata also contain remains of sharks and of Mosasaurus, and 
Iioiies of a large crocodilian reptile -of (be proccellan division, i. e. with 
the anterior surface of the Tettebrm concarc, and the posterior coaiei, 
as in existing crocodiles. 

t See Sit C. Lyell'a Remarks on tie Cretaceous Strata of New Jersey, 
In bis Travels ia North America. Also Prof. Rogers's Address to tha 
Association of American Geologists. 1844. 

X For illustrations of Cretaceous Fossils, the leader is referred to tne 
Author's Fossils of the South Downs; the Palieontogiophical Monographs, 
for 1S19 — ii6, for the Reptiles, Corals, Entomostracans, Brachiopods, 
Barnacles, and Cepbalopod? of the English chalk formation ; lo Ihe De- 
cades of the Geological Surrey, for the Euhinodenns and some Fishes ; 
Dixon's Fossils of Sussex, Ac, for numerous and beautiful illuslratioili^ 
of a great proportion nf the organic remains of (he English chalk | 
the Pictorial Atlas, for several goad. RgavEa at tte'vacBoa* ^osaS.* 
Sowerby'a M'metal Conchology, for cottecV figoles olmiwi tfi.'&s.V"' 
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would remind tLe reader, that the numerous groups of 
Btrata eompriaed in the cretaceoua system are to be regard- 
ed as an ancient ocoan-bed ; — a vast accumulation of aei- 
raentary deposits, more or leas consolidated by subsequent 
chfmii;al changes, that was formed in the profound deptht 
of the sea, in periods of unfathomable antiquity. This mm 
is made up of inorganic and organic mat-erials : the former 
consist of the debris of the cliffs and shores which encom- 
passed the ancient sea, — of the spoils of islands and coud- 
nenta brought into the ocean by floods and currents of tresli 
water, — and of mineral deposits thrown down from chemicJ 
solutions ; the orgame sttb»iaticei are the durable remains of 
animals and plants which lived and died in the ocean, asA 
of fluviatile and terrestrial species that were transported 
from the land by rivers and their tributaries. The whole 
forms such an assemblage of sedimentary deposits as would 
probably be presented to observation, if a mafia of the bed 
of the Atlantic, 2000 feet in thickness, were elevated abo'O 

fossils ; to Fortlock'a Geological Report on Londonderry, far Ageia ft 
the cretaceoaa fossils ot Ireland ; lo Woodward's Geology of Norfolk, fot 
the chalk -fossils from near Norwich; and to Phillip's Illustrations of lii 
Geology of Yorkshire, for the more northeni cretaceous foaaOs. Til" 
foreign works on thia subject are D'Orbigny's Pal^ontologie FTa(ii;U9>i 
and his Pal^onl. Universelle ; Roeraer'a Crelncaoua Fossils of North Gar- 
many ; Reusti's Fossils of the Bohemian Clulk-rarmatiai 
Geognostica [new edit.) ; HiaingerandNUaon on Swedish Fossils; nom*- 
ous papers in the Frcneh Geol. Soc. Memoirs, by D'Archiac, Leymsc' 
&c. ; in Haidlnger's Abhandlungen, and in the TrassactioHs of the Viao 
and other societies, by Ruuss, Cqnek. Allh, and othurs ; Bosquet'i H«- 
moirs on the Criutaceana and Brachiopodi of the Chalk of the Ketho- 
ianda and Belgium ; Faujaa de St. Fond'a great work on Maeatricht ; ~ 
mer'sworkontheFasailaarthBChalkofTDias; Morton'aSynopoaoftbl ' 
OrganicHemainsof the United Suites; and Hall and Hayden, DesCtiptioB j 
of the Cretaceous Fossils from Nebraska. The Pondicherry fbuiUiM ' 
described in the 7th toI. of the Geolog. TiansacL ; and the Bogola and 
Natal chnlk-fossils, in the GeolugicaL Society's Journal, vol. L p. 17^ 
and vol. xi. p. 4M. 
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the waters, and became dry land ; the only esaential differ- 
ence would be in the generic and specific characters of the 
imbedded animal and vegetable remains. 

The fossils of the cretaceons formation are exceedingly 
nuineroTiB, and offer abundant examples of all the usual forms 
of marine eiiatenee except Cetaceans ; and even of these one 
or two relics are said to have been discovered in America.* 

Particular genera and species are, however, restricted 
to certain subdirisions of the Byattm ; thus, in the white 
chalk there are many species of shells that do not occur in 
either of the other groups. The chalk-marl, upper green- 
sand, and gault also have peculiar fossils, and the lower 
greensand abounds in shells and zoophytes, that are wanting 
in the upper aeries of deposits. The genera and species of 
the mollusca must therefore have varied during the period 
of the deposition of the cretaceous beds ; some kinds pre- 
vailed at the commencement of the formation, and became 
extinct, or at least no longer inhabited the same parts of the 
ocean at a subsequent epoch ; while other forma appear for 
the first time, and, in aome inatances, are continued into the 
tertiary epoch .f 

" Ljeirs Manual, 1855, p. 256. Leidy, Philnd. Ac. Proc.-vi. p. 377. 

-f Allusion bus aiready been mada to Mr. Prealwich's remarks on this 
subject in his paper in the Gealo^cal Society's Journal, toI. x.p. 449. Tlie 
following obHerrations by Messrs. Meek and Hnyden (Proceedings of the 
Philadelphia Academy, 1856, vol. viii. p. 63 J, on fos.^ls from Nchrastta, 
have much importance. " It la worthy of note," eay they, " that some of 
the Hpeciaa contained in the collection from the most recent crelaceota 
beds of the upper Missouri country appear referable to genera which, 
according to high European authority, date no farther back than the trtia 
challt, while many of them are closely analogous to tertiary forms ; go 
close indeed, that had they not been found associated in the same beds 
with Ammonites, Scapbilcs, and other genera eierywhere regarded HS 
having become extinct at the close of the ctetoeeouB epoch, we should 
ha»e considered them tertiary species. If these beds really are equiva- 
lent to any portion of the greensand of English geologists, it is a ciirioiiB 
ftct that we should find mingled together in them upper cretaceous and 
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The state of preeervation in which the fnaails occur variis 
according to the lithological compositian of the atrata. The 
Bhells, corals, echiniteB, &c. of the white chalk, are generollj 
transmuted into carhonate of lime having a Bpathose Btruc- 
ture; their cavities are commonly filled with chalk, flint, a 
auiphide of iron ; in many instances they are hollow, tui 
lined with crystals of carbonate of lime. The aoi^ spoDgn 
are often silicified, and there ia scarcely a flint nodule io 
which their remains may uot be traced. The bones of thu 
reptiles and fiahea, and the coverings of the crustaceans, an 
in a friable Btat«, and stained with sulphide of iron. Tin 
teeth and scales of the fishes poaseas a high polish, and tn 
more or less permeated by ferruginous inBltrationa. Wood 
occurs in the state of lignite in the claya and sands, and in 
brown friable maases in the chalk, which quickly decompow 
upon exposure to the air ; but, when enveloped in flint, the 
atructuro is silicified, and well preserved ; * like the fotaQ 
wood of the tertiary depoaita, it has evidently been drifted, 
and is perforated by teredines and other boring amimlsi 
the fissures are often filled with brilliant pyrites. 

The Upper Ofeeiuand fossils in the cherty sandstone* are 
often silicified ; and the whetstone-pits of Devonshire aw 
celebrated for the beauty and variety of the chalcedonic 
shells, atar-fish, &c. with which they abound. 

In the Oault, the nacreous covering of the shells is com- 
monly preserved, and the ammonitoa and nautili of Folk- 
stone rival in beauty the sheila of the London and BortoK 
clays, and like them ore subject to decomposition. 

In the sands, limestones, and argillaceoua strata of tba 
Lower Oreentand the shells and other organjams are fot 
the most part well preaerved. 

larliary Tonns, exactly lu if thay mid those of Uid oldnt tertiary >"« 
depugiUid in the regular ordiir o( sequence." 
* Medala of Creatioa, vol. i. p. 174. 
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The orgaoic remains of the cretaceous system * ah^odj 
known amount to many hundred apeuies. The moat strik- 
ing zoological character is the abundance of sponges, fora- 
minit'ere, echinoderms, bryozoans, and cuphalopoda ; the hiat 
include the sheila of several extinct races of cephalopoda, 
that appear for the last time in the chalk ; no traces of 
their eiiatenoe having been discorered in tbo tertiary form- 
ation. 

16. Fossil teqetablbs. — The marine flora of the cholt, 
08 I have already remarked, offers but little variety ; a few 
species of Hid and Conferem are the ouly instances that 
have come under notice. One species of Fucua {Chon- 
drites Bi^noriensis, Lign. 62) abounds in the cjialk-marl of 
Western Suasei, particularly at Bignor,t where almost every 
fragment of this rock is marked with its meandering forms. 
ConfervcB are occaaionally found in the chalk. J Plants 
allied to Zostera occur in the chalk of the Isle d'Aii. Drift- 
ed wood abounds in the line of junction between the gault 
and lower greeuaand. 

In the Kentish rag, near Maidstone, there have been dis- 
covered fir-cones (Abiefi/eg Beneledi),^ coniferous woodj pe- 
tioles of the Clathra>'ta,'% and the stem of a plant apparently 
allied to Draciena.** The Coniferw (cone-bearing, as the 
Larch) appear to have constituted the principal feature in the 
flora of the countiy whose rivers and streams flowed into that 
part of the chalk-ocean that is accessible to observation in Flog- 
laiid. The wood usually met with, whether in the white chalk, 

" The reader ia teh 
nir>Bt impoTtant qt^h 
Cutalogue of Brilish Fi 
liahed species. 

f See Medals, vol. i. p. 102- 

X ConferviCtt WaodiBardii. Medaliof Creation, vol. i. p. 101. 

i Gaol. Proc, it. p. 31, ajid Geol. Juum. ii. p. 52, pi. 2, f. 2. 

II Medala, vol. i. p. 173. H Medals, vol. i. p. Itil. 

* ■ Petrifaclions, &c, p. 49. 
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Upper grecnsand, gnult, or lower greenHaQd, is coniferon*; 
and moet of it posBesees the structure of the Araucaria. or 




Iforfoli Island pine. Several pine- or fir-cones iiavp bwi 
found, but all of email size. 

Of those peculiar coniferous plants, the Zamiit and Cgem. 
many remainB have been collected. A beautiful elon^tiid 
cone of B, Zamia-lilce plant (^Zamitislrohut) was obtained 
Home years since, near Willingdon, in Sussei, from a hfA 
at the top of the lower greenaand, which abounds in conifor- 
oUB wood.* 

In the chalk-marl at Bonchurch, in the Isle of "Wight, 
a remarkable specimen of the summit of a stem of tlii^ 
Clathraria, with the petioles attached, has been discovered i 
as this plant essentially belongs to the flora of the Wealden, 
its descriptioo will be given in a sub^uent section of thi* 
discourse. 



■ It ii figured in Oenl. Proc. 1S43, u Zamitii SutteximtU. 
Maduli of CrMtioo, /"oMi; Coni/«r«, vol. i. p. ISO tnd 174. 



ZOOPHYTES, f 

A few imperfect Bpecimens of an oval compressed fruit, 
with nmncrous seeds, have been found in the chalk near 
Lewes, and in £ent. This Jtuit, so far as can he judged 
from the examples known, appears to have been a compound 
berry, having, like the mulberry, the seeds imbedded in a 
Boft pulpy maas,* 

The Cbalk-strata of Bohemia,t of Sasony.J of Thuringia 
(at Biankenburg §), and of Aii-la-Cbnpelle,|| have yielded 
nnmerouB remains of dicotyledonous, monocotyledonous, and 
cryptogamoua pi ants .i[ 

16. Fossil Sponges, Zoophyteh, akd Betozoa. — The 
flint nodules of the chalk are seldom destitute of traces of 
sponges and other kinds of amorphoioa and porifera. The 
species are numerous in the chalk with flints, and rare in the 
lower chalk. In the upper greensaud several species oc- 
cur, but only very few that are not also in the chalk. There 
are none known ia the gault, and only one in the lower 
greensand. 

There is a fossil sponge {Chomtite» K(mipi) which is well 
known to coDectors of Sussei pebbles by the name oi pelri- 
Jied gea-anemone, irom its supposed resemblance to the living 
Actinia {^l. Yl.Jiij. 11) ; but the original was a very differ- 
ent creature. From an eitensive suite of specimens, I have 
ascertained that it was of a pyriform shape with a central 
opening, from which numerous tubes radiated ; and these 
are oftentimes eiquisitely preserved ia flint. The external 

• This iolereatingthoagliohacurB fniit was named CarpoHthei Smithia, 
in honour of Mrs. Smith of Tunbridge Weils ; H lady of consummate 
skill in the dissection of chalk-foBBils, and most ardent and liberal ia 
[he promotion of pitliEontological ecience. Medala of Creation, vol. i 
p. 202. 

-f ReuBS, YeretEiner. Biilimisch. Kreidefonnation. 

1 Geinilz, Qnaderforrastion. 

I Dusker, Palieagrapbica. Tol. it. 

II Debe<^, Qiutrt. Joom. Geol. Soc. tqI. vit. part 2, Miacell. p. 10 
1 Medals of Creation, vol. \. p. %&. 



surface frequently exhibit* the retnainB of crucial apiseB, 
Bimilar to those jiossedHed by the recent alcyonia.* 

Certain soophytes {Ventriculites) are eiceedingly numer- 
ous in the chalk near Lewes and Brighton ; and, being oftea 
preaeired partly in chalk and partly in flint, give rise to moHt 
interesting specimene, which throw light on the segregation 
of Biles in the ealcareouB sediments of the chalk-ocean .^ 

In the whit« chalk, coraU are comparatively rare ; but 
the Msestricht beda contain them in great abundance. 




Several species of a small coral, formerly referred to Cary- 
ophyllia, but now known as Parasmilia (Lign. 63,Jiff. 3), 

ThoughW on a Pebble, pi. 1 mid 2 ; Medals of Crealioo, vol. i. 
Diioa'B Fosavla o£ Siwscx, "pX. \1 ■, »n4 Pictorial Alias, pi. 4^. 
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occiiT not imfrequetitly in the English chalk, together with 
about a,B many more epeciea of other corals, all of email size ; a 
fewsp6ciesof2VocAocya/lAi«{Zi^n.63,^y». 1,2) are found in 
the gault, with two or three other minute corals ; and a, very 
few corala occur also in the upper and lower greensands. The 
absence of the large madrepores and stony corale is a re- 
markable fact, corroborating the evidence derived fiwm other 
sourL-es, that the white chalk waa deposited in the profound 
abyss of an ocean ; for the economy of the lining corals tita 
them to live only in waters of moderate depths. 

There ace certain layers of a very friable earthy chalk in 
the cliffs along the Kentish coast, and especially near Dover, 
that abound in very delicate and beautiful species of numer- 
ous small moss-corals, or bryozoa ; as Aetinopora, Ptutulo- 
pora, Cellepora, Idmonea, Ac. Indeed, throughout the chalk 
the delicate forms of the above, together with Eackara, Flue- 
tra, Setepora,B.aA many other bryozoans,* are very plentiful 
either loose in the chalk or attached to shells. These are 
also abundant in the quarries at Faringdon in Berkshire ; 
where, together with sponges, they form a considerable por- 
tion of the peculiar crag-like gravels and sands of that place, 
which have generally been referred to the upper greensand. 
Bryozoa are very rare in the gault and lower greensand. 

17. AsiMAICirHTEB OE MiCEOZOA OF THE ChaIK.— 

"Under this head I will notice some of the minute oi^anisma 
of the cretaceous system. The most nulnerous of these are 
the chambered, or polythaiamous, shells of the foraminifera ; 
sa rosalina (p. 310), textularia, £c.t 

The Foraminifera are marine animals, of low organiza- 

• See Medals ot Creation, lol. i. p. 271 ; Dixon's Foss. Susaei, pi. 
18 A. Ths sludeat wLo wishes to study Ihe Cretaceous Bryozoa must 
refar to D'Orblgny'a Paleontologie Framaise, and to Hagenow's work 
on the Bryozoa of the Maealriclit and other upper chalk-beds. 

t Want of space compels me to refer the reader for many details on 
thia subject to ray " Nottt on a MicrojcopiBai Examination o/ Ciialk anil 
FlitU," in the Amiala of Nat. HisL 1845, toI. in. 



tion, and, with but few exceptions, extremely minute ; in 
nn ounce of nea-sand between throe and four milliom 
have been enumerated. They belong to the claea Hhuo- 
poda, among which the body conBiets of a uuiform granu- 
lar jeUy (termed tarcode), either naked {Amofba), or en- 
closed in a membrane {Orovtia), or in a I'alcareoui alieH 
(Jibroffltni/era*), the shell conBisting of either one or mow 
cella or chambers. These animaU appear, in fiict, to be mere- 
ly moraels of animated jelly (without atomach or nerves) pro- 
tected by bhella ; some being simple, the ebeil having but 
one cell (auch aa Areella and Orhulina) ; others having 
Hcveral cells, disposed either in a straight line (^Nodomria); 
or in a diacoidal form, like that of the shell of the nauMui, 
{Cristallaria) ; or on other plans, such as spiral, plaited, Ac. 
(Sotalia, BuUmina, Textularia, &c.). The several forma m 
distinguished by peculiarities in the aperture, disposition of 
the septa or partitions, and direction of the spire and volu- 
tions. Those microzoa swarm in infinite multitudes in the 
present seas,t and were not less abundant in the ancient 
ones. We have already spoken (p. 250) of the Nummuhtes 
which abounded so eitenaively in the Eocene period, and 
which have still living representatives. One of the distin- 
guishing characters of these shells consists in the numeroiu 
perforations by which they are traversed, affording exit to 
minute filaments or processes by which the animal moves, 
attaches itsell', and obtains its nourishment. J 

18. Chalk Bosalinj. — In the EomUtuB {Liyn. 55 and 
66), which are among the most abundant of cretaceoiu 

* The Polycyitinea may be leguded ta lUiiiopods wiUi giliceon 
■hells or akeletona. 

t The deep aounduigB of the Atlantic h&ve Inlcly aliown the bottom 
of that great ocean lu be covered with mud, almoal wholly coinpowd of 
FoTaminirers, indiminguiahBhle from thoao of Ihs chalk fornii, Ingcthn 
with siliceoui Polycyatineai, Sponge-npicula, Ac. 

* See MedaU of Creation, vol. i. p. 341) Annali N. H. \\\. p. 373. 
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forms, the body of the animal ocmipies all the chambers ; 
and the perforations, which are numerous, admit of the es- 
Bertion of the soft tranaparent feelers or pseudo-podia, which 
are the inBtruinenta of motion.. The Bhell, therefore, thougb 
presenting tbe general form af that of the ammonite or nau* 
tilus, is essentially different ; for in the latter the body of the 
animal is contained in the outer chamber, and tbe internal 
compartments are successively-quitted empty dwellings; 
whereas in the foraminifer, all the cells are filled by the soft 
parts of the animalcule contemporaneously. Wbsm the shell, 
which is calcareous, is removed by weak hydrochloric acid, 
the body is exposed, and ia seen to extend to the innermost 
chamber ; and there is a connecting thread which occupies 
the place of the siphuncle of the nautilus ; for the several 









minute jelly-massea in the cells are united by the 
neck of sarcode (or the stolon), by which tke 
ments of tbe aaimal have bi 
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annexed figure, lAgn. 64, represents a recent foraminifrr 
deprived of ita shell. 

A compariaon of tliia figure with the specimen in flmt, 
Lign. 56, p. 310, will show the clone analogy between them. 

The soft parts of these foraminifera occur, not only in the 
flint, but in the white chalk : and by subjecting the latter to 
the action of dilute hydrochloric acid, the bodies of the ros»- 
linat, textularisB, &c, may sometimea be detected aa distinct 
in form as in this recent specimen from the sea i^Lign. 64), 
I must refer to my obBervations on this subject in the Phi- 
losophical Transactions (for 1846, part iv. p. 465), for fu^ J 
tier particulars of this remarkable fact.* CristeUarii^ 
Botalice, and Textularis are some of the prevalent foramifl^ 
fera in the fossil state ; similar forms occur in our seaa.aal'i 
their allies are abundant in the sandy days which are aprel^l 
over great part of Cambridgeshire, Liocolnshire, &c.\ 

Seeing what a very important share these minute orgas?:^ 
isms have had in building up strata after strata in sonci 
parts of the earth's crust, we cannot be surprised that tia 
microscopic Infusoria, the grain-like Foraminifera, and tbe 
comparatively massive Nummulites have, by their enormouB 
local accumulations, almost rivalling the productions of the 
coral-polyp, demanded the attention of the student of geo- 
logy. The wonders too of their form and structure hava 
called for the assidnous labour of some of the first naturalists 
of the day. The endless varieties of these Microzoa have 
exercised the skill and excited the admiration of collector 
and author. The minute through prolific Ostracodous Cm^- 
taceans too, and the humble and wide- spreading Ifulliporet 
and Cotallioes, have also performed their part in building up 

■ Sea abore, p. 309 ; and Medals, vol. i. p. 357. 

+ Seo n highly interesting paper on Foraminifera from lie "LewtM, 
Boston, and Charing, by W. C. Williamaon, Esq., in tdI. viii. of the M<» 
Chester Lkeraty and Philosophical Society, 1S47. In the Annals oFNat. 
Hist. April, 1857, la a critical examination, hy MM. Parker and Jtmei, 
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mentioned aboveat page 331, 
beautiful exompleB of ibra- 
miuii'eroua chambered shells, 
of a croaier-like form, of 
which Bome hundreds of spe- 
cimens were coUected by 
the late Marquis of North- 

The fracture of the flinta 
exposes various sections 
of these mauy-ehambered 
shells, according to the po- 
sitions ia which they lie in 
relation to the exposed sur- 
face. The annexed figures 
■(Xiyn. 65) exhibit two 
longitudinal sectiana of 
these foraminifera, both of 
natural size and enlai^ed. 
These shells are also numer- 
ous in the chalk.^ 
o forms of the English chalk have been found 

cretaceous strata throughout Europe.f Asia, and 

a.I 

Ihalk-detsitus at Chaktuo, — Along the base of the 

on's Fossib of Suisai, pi. 27, figs. 12—1 4. 

Irbigny, Boemer, Geiniti, and Reusa have figured and described 
lany European foraminifera, bath crclaceous and tertiary. 
W. Bailey, Professor of Chemialry in the 0. H. Military Acai- 
Wesl Point, Niw York, has elaborBtcly investigated the fossil 
and foraminifera of the United Stales, and published the reault 
earchea in the American Journal of Science, and ia the " Smith- 
jnlributione." Sea also Geol. Proc. foi LSt'l, ?. IVli. 



North and the South Downs, and elsewhere on the flanki 
of chalk-hills, aud in the valleyi at their foot, there frequeiit- 
iy occurs a superficial layer of earthy or chalky materad. 
which, on careful matupulation, yields vaat qitontities of the 
foraminifera of the chalk in great plenty and variety. Sunli 
a Btorehouse of the remains of the cretaceous microzos nc 
curs at Charing, between Aahford and Moidatone, at tbe 
foot of the North Downs. It was first observed by "W, 
Harris, Esq., of Charing', who has for many years collected 
its interesting contents,* and distributed them libenillj 
among his scientific Mends. A narrow band of whiteialii 
sandy, tenacious, and calcareous clay is traceable for eome 
miles east and west of Charing, widening out occasionally in 
the basins or little valleys of the district, and varying in 
depth from one to several feet. Thi^ superficial clay, or 
" chalk- detritus," appears to have mainly resulted from tte 
decomposing surface of the chaik-niarl, the outcrop of whiah, 
together with that of the upper greensand (here eioeeding- 
ly thin), is more or leas covered by it^ At some places flint* 
Irom the chalk, and even gravel-flints, are found in the de- 
tritus, probably mixed with it at an early period; and, 
where modern streams or marshes have had much influenw 
on this detrital bed, freshwater and land sheila of ensting 
species, seed-vessels, and small bones are found in it. Tbi* 
debris is largely made up of the shells of numerous kinds of 
foraminifera, spines of sponges, valves of cytherinte, frag- 
ments of bryozoa, and other minuto animal remains, wi^ * 
considerable intermixture of polygonal spicula, resulting fion 
the decomposition of the large fibrous bivalve termed b>Xf- 
ramm, bo common in the chalk and chalk-marh 

' Mr. Harris lias found UiaC Ihe beat plan to procuie ihe shellii ■s' 
olbcr fossila (aamo of which ani of great rarity and beauty] from dul 
clay, it to render it of a creamy conaiatence witli water ( by cuatiBU*' 
Bgilation in areiolving bmrel), and then, wuhin j awny the " chalkineO 
Lhrough a cunvia bug, the resulting dcbria ia dried and aguin ca!t01 
wualitd before sifling and aorling. 
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20. Cbikoiijea.— The Crinoidea, or lily-ahnped animals, 
are but sparingly distributed in the 
chali — a circumstance, as you will here- 
after find, in striking contrast with the 
zoological characters of Bome of the 
older Beeondnry formations. Stems of 
FeniacrinitM • occur both in the chalk 
and gault ; and there are a few species 
of Sowrgueiocrinu»,-\ which are pecu- 
liar to the white chalk. 

A remarkable cretaceous fossil of 
this class is the Mareupite, which I thus 
named from its resemblance, when 
closed, to a purse. The Marsupite 
{Lign. 66) was a criuoideal animal, of 
a Bub-ovate form, having the mouth, 
which was surrounded by arms, or 
tentacula, near the centre. The skele- lioh. m. 

ton was composed of cmstaceous, heia- jvmii,cju(t,Hn,A»i.,' 
gonal plates, united by suture ; and the 
arros, which are subdivided into a few branches, were formed 
of little joints or bones, osticula; the whole was probably 
invested with a muscular tissue, or membrane. "When float- 
ing, the creature could spread out its tentacula like a net, 
and by closing them, seize its prey and convey it to the 
mouth. This figure {lagn. 66) is restored from specimens 
which separately eihibit the parts here represented. J 

21. Stab-fishes op the Chalk. S — Of the radiated ani- 




■ Dikon'sFossilaofSuBsei, plate 19. 

t Formerly referred to the gtnuH ApUKrima; Medals, toI. i. p. 291 ; 
and Dixon's Fosails of SuBsei, pi. '20. 

X There is umlher species often found with the abore, in which the 
plntcB are covered with nigous markings ; it U the if. ornatui of the late 
Mr. Miller. 

ij MedalB of Creation, vol. i. p. 301. 
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main tflrmcd Atteroulfa, or star-fialioa. tliroe genera o 
the Enjjliiih chulk and uj)per greeiiBiuid, aud utheni iu ^ 
cretnceouH BtriLla of the uoutineiit. Iu the Siuuies ti' 
boautiful eKnmploa of the Oomtwter, or ciiehion-Htar, lat( 
been found ; but thoy are morii froqiiontly met with in tiM 
white chalk near Oraveaeud, NorthtJeut, Purlltiet, and otiiq 
Kentish localities, and ovcuiiunHlly in an ulninHt perfect ct 
dition. Specimens of OoniaBt«r are often met with • part(| 
itiibodded in flint. Detaohed OHHieula are vury abuDduot in 
some of the strata ; and there ars laycn of the Rroy or lovv 
clialk wholly made up of the duhris of titar-lLi«liei, minutt 
spines of echini, onnidi!!* uf pentacrinitei, &c. 




22. EonmiTKS-t — Those remarkable aniinaln, the Echini, ' 
or sen-urchins, are too well known to reijiure particultf 
• Diton'i Fo»ll> of BniKK, PUIm 31, 32. !i3. 
t See Modnla urCrcnlion, vol. i. chap. >1. p. 311. 



deacription. Their rounded eheil, or case, ii compoRed of 
polygonal plates, closely fitted to each otber ; and the sur- 
face is divided vertically by bands, like the meridiana of a 
globe, baying rows of double perforations. The shell is 
studded over with papillie whicb vary in size, in the differ- 
ent species, from mere granular points to large well-defined 
tubercles. To these papillie, spines are attached, whicb also 
present great variety of figure and decoration j • these are 
the instruments of motion ; and, as on the death of the ani- 
mal the tendons by which they were fixed to the shell de- 
compose, the rarity of fossil specimens with these appendages 
attached in their natural position is readily explained. The 
Echini, both recent and foasi], comprise a great variety of 
species, which are arranged in numerous sub-genera, for the 
convenience of study ; but I can notice only a few of the 
common forms. 

The helmet-shaped Ecbinites {Lt^n. iM,Jig. 5) are ex- 
tremely abundant, and in some localitiea occur in shoals, and 
in every gradation from the young to the adult state. Sili- 
ceous casts, formed by the decomposition and removal of the 
shell from the flint with which it was filled, are common in 
flint-gravel and on ploughed lands of chalk and gravel dis- 
triets. The eordiform variety {jig. 7) is very abundant, aud 
gives rise to the heart-shaped flints of our gravel-pits. The 
elliptical species {fg- 3) is not uncommon in the greensands. 
The turbinated Eehinites {Cidaridet) are beautifully em- 
bossed with papilliB : a small species {ftg- 1) is frequent in 
the chalk and flints of Kent ; the larger varieties possess 
tubercles surrounded by elegant margins {Jig. 0), and are 
utherwiae richly ornamented. Some spines are slender, and 
covered with asperites {jig. 2) ; others almost smooth {jig. 
8) ; and others club-shaped {jig. 4) ; it is not often that 
spines are found in contact with the shell {jig. 8) ; this, 

• Mi'dnli ofCruBtiun. vul. i. p. 319. 
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}tOWtnr, U (KCMtanoWj the caie, and from the cbiik it 
Srtnwnd, and otber localities in Kent, splendid eiamplM 
}ant bMD obtained ; stime with gronpa of large epinea it 
tached to the tubcri^les, as in the living state.* 

23. HiiBLLS o? TUB Chalk. — The bivaire sheila, or mo- 
chifora, of the cretjiceous deposits are numeroiiB. OvHtm^ 




BrallnpR, oockl(?s, and other fiimiltHr marine nheJIii abminil, 
but tlio H[)(wie8 ilifler from tho recent. With thewe known 
genera arc many which, so far aa our present knowled^ nf 
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the inhabitants of the deep extends, are extinct. The Upper 
and Lower Chnlt are very poor in bivalves, exceptiuf; those 
of the oyster and scallop tribes, and of the Terebratula 
family. The Gasteropodoufl molluscs* are very rare in the 
English chalk and chalk-marl, and not very abundant in tbs 
lower beds of the series. The cretaceous deposits of Central 
Europe and of North America are not unfrequeotly rich in 
(laateropoda. 

The Maestricht beds, as before remarked, contain many 
foBsihi not found in the other chalk strata. A large Volute 
{Folula Faujani) occurs in the flint nodules of St. Peter's 
Mountain, with bacuUtes, ammonites, and other characteris- 
tic chalk foesik. 

Besides the terebratulie t and their allies, one of the most 
numerous of the bivalves is an elegant shell, having one 
valve covered with long spines (^Lign.Q%,Jig. S), the Spondi/' 
lus $pinotug. A bivalve with a fibrous structure (Inocera- 
mtu (Lign. Gd,fig. 4), very brittle, and having a crenulated 
hinge of a peculiar construction, presents several species ; 
some of which are small and delicately striated, while others 
are two feet in diameter, and deeply furrowed. The sub- 
stance of these sheUs closely resembles in structure that of 
the recent ^i'n«<« ; and from its fragility, fragments are veiy 
common in chalk, J flint, and even in pyrites. The Oault 
contains two species of this genus, which have been found 
in almost every locality, and appear to be restricted to this 
division of the chalk series ; they are the Inoceramus coneen' 
Irieut {Lign. Q8,^fig. T), and I. tulcalut {Jig. 3). A species 
of Kadiolite (BaJiolileg Mortoni) has been met with in the 
cbalk near Lewes in Sussex, and at Barham and Leuham in 
Kent ; and another species is known to occur in the upper 

• Dixon'sFosaiUofSuuex, p. 346. &c. 
t Medals of CrB«dun, vol. i. p. 388. 

{ The chalk and chalk-marl ate often to a greni extent composiid ul 
Ihe priamalid oell-rragmentB of Iheae ahella. 
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greeDBand ; but Sippurites, so commoa in the cretat'eous 
strata of the contment, have not been noticed.* 

The bivalve and gasteropod shells of the Chalk, ChallL- 
marl, Gault, and Greensaode amount to more than aii huo- 
dred apeciea : those of the whet-stone pita of Blackdoim, in 
Devonahire, are completely silicilied, and changed into ulei 
or chalcedony -t 

24. Cephalopoda of the Chalk. — The most BtrikiaK 
feature in the marine fauna of the chalk, as contrasted with 
that of the tertiary and modern formations, is the great pre- 
ponderance of multilocular Cephalopoda.} In the tertiary, 
and existing tropical seas, one genua (the Nauliltu) occm 
abundantly. The beauty, elegant form, and remarkahle 
internal etructure of the recent shell have rendered it in til 
ages an object of admiration ; yet an accurate knowledge of 
the organization of the animal to which it belongs has but 
recently been obtained. The Nautilus and the allied fossil 
genera may be regarded aa Sepiie or Cuttle-fishes inhabiting 
chambered shells, which possess considerable buoyancy, en- 
abling the animals to float at the surlace or sink to ths 
depths of the ocean at pleasure. 

A few reiBarks on the recent types of the forms of this 
group will serve to render the subject intelligible. The S*- 
pia or Cuttle-Jish of our seas is of an obloug form, compowd 
of a jelly-like substance, covered with a tough skin ; th» 
mouth, which is central, ia furnished with horuy niandiblf* 
much resembling the beaks of a parrot. The animal h«i 
two large eyes, and eight arms studded with rows of little 
" Sec Mr. S. P. Woodward's Paper on the Hippurilidir, Joura. CmJ. 

t The shells uf Ihe creUceoos fonnaliun are most Tully dworilwd tsi 
fipirad in M. D'Orbigny'a beauliful work on [hu fossils of France— P«l*- 
onlologie Fraiii;aise. Others are elesonlly and iruthtully pollnyed IS 
Dixon's Fosaili of Susaei. 

I See Medftia of Creation, vol. ii. p. 447, fot ui locount of tl>« Cif'nr 
lupoda; and Woodward's Manual of the Molliuca, p. C3. &o. 
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eupB or aui'kers, which are powerful instruments both of 
locomotion and prehenaion. The soft bodj of the Sepia is 
supported by a akeleton formed of a single boue or osselei of 
a very curious structure ; this calcareous eubatance, when 
dried and reduced to powder, ia the substance called ^ounc«. 
The Cuttle-fish has a memhranoua sac which secretes and 
retains a dark-coloured fluid, resembling ink ; this the ani- 
mal can eject when pursued, and, by thus rendering the 
water turbid, it escapes from its enemies. I'rom this fluid 
the colour termed aepio was formerly prepared. 

25. Thb Nautilus. — The shell of the Nautilus* consists 
internally of a series of chambers, pierced through the middle 
by a siphunole or tube, which extends to the remotest cell. 
The body of the animal resembles, in some respects, that 
of the sepia, and in contained in the outer receptacle of the 
shell ; it maintains a vital connesion with the inner chambere 
by means of a membranous tube which lines the siphun- 
cle, passing through 
the internal chambers, 
which are merely air- 
cells. If, therefore, you 
imagine a cuttle-flsh 
placed, with its arms 
estended, in the outer 
chamber of a Nautilus- 
shell, and provided 
with a tube connected 

tLioR.89.— NAtiTii.PB Ei.EoiKB. with the siphunculua, 

Prom iba chaii-nuii ncsr Le-c>, \j-q^^ haviug neither ink- 

I'om.-tiru tia i^Hrsi ti,4./ ^^g ^jj, Qasolet, these 

being unnecessary to an animal with the protection and 
mechanism of a chambered shell, you wiU have a tolerably 
correct idea of the recent Nautilus. The Nautilus is essen- 
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tially a ground- dwelling auimal, living in deep water, snii 
t'ei>dlug nt the bottom of the sea. Kuinphiiis states that it 
creeps with the ahoU above, and that by mcaiia uf its tenia- 
cula it can make quick progreaa along the ground. Tliew 
are eeveral Bpeciea of Nautilus in the chalk, some nf whirh 
are of large siKe: a common speciea from the chalk-marl ii 
ligured in Lign. 09, 

26. The Ammonite, ob Cobku-ammoxis, — The fowilt 
called Ammonites first appear io the lower or earlier beds 
of the secondary formationB, and cease to appear with thr 
termination of the deposits of the secondary period; nn 
traces of their remains having been found in the tertiary or 
any later depoaita, except an drifted Eragmenta. The Ani> 
niouitH, so called from its eupposed resemblanee to the horn 
of Jupiter Ammon, is a fosfil chamberod aliell, coiled up ia 
the form of a dink, 
bearing a cloae analo- 
gy to the Nautilui, 
but dilTering in tha 
situation of the »i- 
phuncle, and in tlii^ 
form of the septa by 
which the interior is 
divided. IntheNiu- 
liiiiH theae partitioiu 
iwv i>ntire, and their 
section presents a yf 
riea of simple curvea; 
but in the AmmoniU 
"", J""^*""'''"-"'*"'""^^ they are very sinuoDh 

and the external but* 
face of the casts of the sheila commonly exhibits mu-kingi 
resembling the outlinea of deeply-fringed foliage; the sfacJl 
ia alao generally decorated with flutings, riba, and tuborclet. 
The aiphuncle, which in the ffautilus ia central. 



1 
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at the back, or along the outer border, in the Ammonite. 
I place before you esamples from the gault of Folkatone, in 
which the shell remains, — from the lias of Watchett and the 
Kimmeridge clay of Haitwell, with the internal nacreouB coat 
only, — while in this common species from the chalk-marl of 
the Isle of Wight {Lign. 70), the shell is altogether want- 
ing, the specimen being ft ciist of the interior, formed of ar- 
gillaceous eholk. 

la aome examples, the outer ahells and the partitions of 
the chambers having decomposed, casts of the cells have 
been formed (called "apondjUtee"), which fit into each other, 
aad admit of being put together, so as to ehow the entire 
shape of the Ammonite. Many hundred kinds of Ammon- 
ites are known in the secondary formations, and certain species 
are restricted to particular rocks. Thus, for esampie, the 
chalk-marl of Sussei abounds in three species {Lign. tiS, 
Jigs. 7, 9, and Lign. 70), which do not occur either in the 
chalk above, or in the gault below ; and in every locaUty of 
the chalk-marl iu England, and on the continent, these have 
been met with.* The membranous tube of the siphuncle 
sometimes occurs in a fossil state ; the black substance of 
the fossil tube has been analyzed, and found to consist of 
uniin'tl membrane, penneated by carbonate of lime.t 

Ammonites vary in size from a few lines to twelve or 
fourteen feet in circumference ; in the chalk-cliffs of the 
Sussex eoaat and in the limestone of the Isle of Portland, 



• For fiKiires of [he crelaceoua AmmonileB, see ihe Fossils of the 
South DowziB ; Sowerby'a Mineral Conehology ; D'Orbigny's Pal^onto- 
la^e Fran^iae ; and especiitlly the late Mr. D. Sharpe'a MonogiRph, 
published b; the PalEeoatogtaphic^ Society. 

t Dr. Praul is of opinion that iho black colour haa originUed from 
decompOBiUon ; the oxygen and hydrogen ot the animal membrane hav- 
ing escaped, and carbon evolvEd, aa happens when vegetable matter is 
converted into coal, under the process of mineralization. The lime haa 
taken the place of the oiygen and hydrogen, which existed in the tube 
before decompoaition. — Dr. BMcUand't Bridgmiaier Eiiay, p. 352. 
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i specimens are often seen imbedded. The Am- 
monite waa evidently a gregarious Boinia], for it occiu 
extensive clufitera in some of the cretaceous, oolitic, and 
liasBic rocka. 

27. TUHBILITE, HiMtTE, &C. — Baeulites, TurrilUei, Ha- 
miteii, Sa^hites, Ancylocerag, and otlier genera oi' n 
locular shells, abound in the chalk-marl, gault, and green- 
Bands. The Qaculite is most easily understood by supposiDg 
it to he an ammonite quite unrolled and perfectly straight; 
just aa an orthoceras may be said to be a straight nautilus. 
The Turrilite (iiyn. 68, fg. 2) may be described as an sm- 
monite twist«d in a turreted, instead of a discoidal, form: 
and the Hamitc (Lifftt. 68, ^ff. 6), aa a eimilar structure ii 
the shape of a hook, coiled up at the smaller eitretnitj 
The Scaphite has the shell at first closely convoluted, bui 
the last or body chamber is somewhat lengthened out untS 
its mouth is suddenly turned again towards and almort . 
against the spiral portion. The Aucyloceras is curled oi 
same plan as the Scapbite, but the whorls are free, not toucb- | 




ing each other. These shells sometimes attain a large aiu; 
Home fragments of Tuirilites indicaf« that the original ehell 
exceeded two feet in length. Very large specimens of Aiicy- 
loceras (Lign. 71) have been found in the lower greensani 
of Kent, Isle of Wight, and other places. The first ■ped* 
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mem of Boculitea, Turrilitc8,* Hamitea, and Scaphites, from 
the British strata, were discovered ia my early reBeorches, 
in Hamsey marl -pits, near Lewea-t 

28. The Be lemnite.^ Among the in numerable relies of 
e animals which occur in the secondary deposits, there 




are none that have eicited bo much curiosity, and given rise 
to BO many conjectures as to their nature and origin, as the 
foasila termed Bekmnites by geologists, and which are gener- 
ally known aa thunderholtt. These are long, cylindrical, or 

" The English Turrililes, compriBing Ihoaa collected by Dr. Manloll, 
hnve been fully illuslTBled raxA dcscrihed in the Munograph on the Clialk 
Cephalopod*, by Mr. D. Sharpe,— the laat work of tJiat eminent and la- 
mented {geologist. 

f SeeSuweiby'aMineralConchotoKy.Tol. i.tnb. 18. Figures of Turril- 

ites, Scaphilea, Ac, are given in Mtnlais of Crealion, vol. ii, p. 484 — 191. 

I Sea Medals of Creation. »ol. ii. p. 457. BehntnUelia is the generic 

name of the Belemnitea having a tlesuro down the ventral aide of the 

alieolOB, or cavity which receives the pbragmocone. 



fuaiform Btones, more or less pointed at one eitremity, and 
having ftt the other and larger end a conical cavity, whirt 
is either occupied by a chambered shell, or filled up with 
the clay, sand, or etone in which the Belemnite happens U> 
be imbedded. The aubstance of these bodies is invanablj 
calcareous spar, of a radiated structure {Lign. 72, Jiy. 1). 
Such are the usual cfaaractera of these foBsila, of which there 
are numerous species [ certain forms abounding in the cre- 
taceous strata. A very common chalk Belemnite is figured, 
Lign. 72, Jig. 1 ; and the peculiarly transparent and smidl 
species from the gault, Lign. 68,^^. 5. These bodies irere 
the OBselets of cephatopods allied to the Sepia, and which 
probably, like those animals, possessed an ink-bag, mandibles, 
large eyes, and arms furnished with acetabula op suckeM;* 
but no tracea of the form of the soft parts have hitherto 
been discovered. 

29. CauBTACEASs OP the Chaik. — Both of the tun 
great tribes into which crustaceans are divided, nametj, 
the Malacoitraca (Crabs, Lobsters, &c.) and the Entamm- 
traca (Water-fleaa, King-crabs, Ac), are abundantly repre- 
sented in the chalk series. Specimens of several of the 
larger crustaceans have been obtained from the lower chalk 
of Suaaes.t Kent, and Carabridgeshire, and also from the 
cretaceous rocks of Germany ; J among these are three ur 
four species of Enoploelgtia, a, genus allied to the Lob- 
ster. In these specimens the filiform antennae, the ab- 
dominal segments, and the caudal appendage, or tail, wt 
preserved, § 

" Medals of Creation, vol. ii. p. 4SI— 153. 

f A noble eiampla of Enopkctytia Suasexietaia 19 ngured (wilh otb" 
vnluable fipecimeaa of the ssme apecien, of E. Leachii, and of olber Ibnii') 
in plBle 3S* of Diiun'a Fosaila of Siuaei. 

X Dr. A. E. Reuas luiB benutlfully illuxtialed the Bohomian >p«cinii^> 
in his Veralain. bohm. Kreidef., and Trans. Acad. Vieun. vol. vL 

i Mednla of CreBlion, vol, Ii, p. 517. 
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In the gault, Baialier crab-lilie cruataceans belonging to 
estinct genera of the anomurouB group have been obtained 
at Eingmer, near Lewee, Folkatone, and elsewhere." In 
the Speeton clay of Yorkshire, Professor Phillipa has dis- 
covered a beautiful species of Crayfish.! '^^^ greensand 
near Lyme Eegis, in Dorset, has yielded some very interest- 
ing specimens of cniataceans ; and the lower greensand of 
Kent and the Isle of Wight contains many remains of thia 
family ; some strata at Atherfield especially abound with a 
smull species of lobster-like crustacean {Lign. 73). J 




In the limestone of St. Peter's Mountain, the claws of a 
small species of Crab are fi«qnently met with {Lign. 74), 
but without any other vestiges of the animal. MM. Faujas 
St. Pond and Latreille have very ingeniously explained this 
fact, by showing that these remainfl belonged to a species of 

• Medals ofCreation, vol. ii. p. 513. f Ibid. p. 519. 

J Some of Ihe layers of the lower gieenaand at Athetfleld contain ao 
Tnany lemiina of these nnalt mncrarous Crustacea, as lo be termed 
the " Lobiter-hedt." See Geology of the Isle of Wight, pp. 161, 169. 
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paraaitical crustacean, which, like the common berroifrH^nb 
(Paijuruii) of our seas, had the body covered by & delicate 







membrane, the clawa aione having a shelly cabb ; hence the 
latter might be found in a foasil state, while of the other 
parts of the crustacean no traces would remain.* 

This species is met with in the flinty chalk of Kent and 
Sussex, and also in Hanover and Bohemia. 

30. ENTOMoaxHACA OT THE CnAiK.— The Waler-fleai 
and Sea-shell- fleas, well known to naturalists as minut* hi- 
valved crustaceans, the former abounding in riven 
ponds, the latter in seas of nearly all depths, occur tciJ 
abundantly in the fossil state. Many of the tertiary de- 
posits, both those of freshwater and those of marine o 
contain them, and some are fuU oftheir tiny carapace-valves.^ 

■ Medals of Creation, vol. ii. p. 515. 

t See nbuve, p. 354; also Motiograpli of the Tertiary Entomostn 
of Englmd, by T. Rupert Jones, Palfeont. Soc. 1356; M. Bosquetl 
Memoir on the French and Belginn epedeainthe Brussels TisiisD.ctia 
OJid Dr. Reuss's pa.yL'ta m Haidmgei'a Abluindlungen and tbe Viei 
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The cretaceous depoeits are often crowded with tbe remains 
<>? the marine forma, such as C^ihere, Bairdia, Cytherella, &c. 
These are extremely abundant in all the beds of chalk, both 
in Eay;land and on the continent, and in the gault also.' 

Tbe greensajids in England have not afforded manyapeci- 
mena ; but M. Comuel t has discovered several in the lower 
greenaand of France. 

31. Fishes of the Chalk. — The fosHil fishes of the 
white chalk were known only by the teeth, which abound in 
almost every quarry, until my researches in the chalk-pita 
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around Lewes brought to light many extraordinary speci- 
mens, and showed how such delicate remains could be de- 

* See KupGTt Jonea'l Monop'aph of the CreUceoiu EntomoatriFa,- 
PbIbeoiiI. Soc, 1849; md Memoirs oo the Bftme mlyect by MM. Bo«- 
qaet and Reitss. 
I / lU^m. Soc. Gfol. Prance, deiix 
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veloped.* Professor Agassiz, hj whose geniUH and labours 
this department of palffiontology has been most successfullj 
elucidated, adopted a classification of fishes, founded upon 
the peculiar structure of the scales — a method of great 
utility to the geologist, since the mutilated state in which 
the fossil remains of fishes generally occur ofben renders fii- 
tile all attempts to refer them to the orders and genera of 
other systems of Ichthyology .f 

32. Scales of fishes. — In his great work on fossil 
fishes, M. Agassiz includes all fishes in four orders, which 
are distinguished by the structure of the scales, as exempli- 
fied in the following tables {Lign. 75). 

Order I. The Placoid; the skin covered with irregular enamelled 
plates, as in the Rays, Sharks (Lign, lb, Jig, 2). 
II. The Ganoid; the scales of an angular form, and composed 
of plates of horn or bone covered with a thick layer of 
enamel; as in the Sturgeon {Lign. lb, fig. 1). 

III. The Ctenoid; the scales formed of plates, which are tooth- 

ed or pectinated on their posterior margin or edge, like 
a comb ; as in the Perch {Lign, Tbyjig. 4). 

IV. The Cycloid; the scales composed of simple laminae of 

horn or bone, without enamel, and having smooth bor- 
ders; as in the Salmon {Lign. Ih^fig. 3.) J 

* I believe the Fossils of the South Downs (1822) contained the first 
published figures of fishes from the English chalk. 

f Recherches sur les Poissons Fossiles, par Louis Agassiz ; five 
volumes (folio) of coloured figures, and two quarto vols, of letter-press. 
In some respects the arrangement of the fossil fishes according to their 
scale-structure is useful to the collector and student ; but, as it is not 
a perfectly natural classification, it must be only accepted as a useful 
empirical method for grouping the fossil remains of fish that commonly 
occur to the collector. The most accurate classification, combining both 
recent and fossil fishes, is that furnished by Sir P. Egerton to Mr. Mor- 
ris, for the heading of the list of fishes in his catalogue of British Fos- 
sils, p. 315. This is slightly varied from Miiller's classification as modi* 
Hed by Prof. Owen. 
I See "^ CrealVon, -^oV. Vv. ^. ^o^^. i 



Patches of scales are very abuudant in same of the cluilk- 
atrata of the south-east of Eugland ; and occasionally, in 




^^K Id lit- T.JH- 1 

I Sussex and Kent, very ^Mjrfect eiamplea of the entire body 
I of the tiah, with the fius attached, are obtained, and which by 
I proper dissection may be beautifully displayed.* Scales and 
f teeth are occasionally found in flint ;t sometimes adherent 

to the surface, and in other instances inbcdded in the stone. 

A fragment of flint to which two minute acalee are attached 
I \a figured in Lign. 76, Jig. 1 ; and the scales, highly magni- 
I fied, ore represented m_fig». 2 and 3. 

I ■ For dirocliom huw to cleu cliaik-Gsheii, see MednlB of Crealion, tdL 

I iL p. 635. AD the Author's best Bpecimens, moat of which are figurod in 

the work of M. Agassij, are now in the British Museum. See Pelriiac- 

tions and their TeschinKS, p. 409, &c. 

+ See (he tloT. Mt, Reade's very intercsliug notice of tho oacurranca 

of Spiniferitea and Fish-Bealen in flint, with numerous figures, in the An- 

akia of Nat. Hial. toI. ii, ; also Capt. Alexnude: 

Oeol- 8oc. vol. X. 334. 
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33. Teeth of SnAWKB, &c. — Teeth of Hvernl giMicra i>f I 
fitihea abound in tlie (TetaceouB dcpoBita : nnd of thnae. bj 
far the gruator number belong t« tlie Sharks ; a family which 




in the ancient, as well on Jn the modern Bt-as, appenni to 
have been confined by no geoj^aphicol limitB. A gruup tit 
Home of the UBual farmB is represented in X^n. 77. ThcM 
teeth possesB a high polish, and are in an excellent itate rf* 
preservation ; they generally occur detached, owing to lb* 
docompoBitioD of the Jaws, which from their cartitaginout 
nature are but aelduui preserved. A few 8i>ecimeDi of th« 
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Bthes termed Hyhodttt* have, however, been found with 
several rows of teeth attached to the jawa. • 

Large flat teeth, having a aeries of deep angular plaitinga 
on the crown, Bnirounded by a border of papillio {,Lign. 77, 
Jig$. 4, 5), are very abundant, and are commonly known ai 
" palates " or palatal teeth. They belong to a genus of the 
shark family c^ed Ptychodm (rugoua teeth), allied to the 
Ceitracion or Port Jaekson Shark. These teeth are not 
imfrequently met with in groups, and retaining, more or less 
perfectly, their original relative positiona. Doraal rays, op 
fin-bones, belonging to these fishea, and three feet in length, 
are occaaionally met with in the ehalk.-t Palatal toeth refer- 
able to the existing genus Oe»tracion bave been found in the 
chalk of Kent \ and Sussex [ and with theae Sir P, Egerton 
finds reason to associate the dorsal spines found in the aame 
quarries, and formerly known as Spinax major.^ Vertebrie 
and other remains of sharks have been obtained in consider- 
able numbera from the cbivlk of the soutb-eaHt of England : 
their coprolitea also are uot rare. 

The mandible or anterior part of the maxillary bone of 
a fish belonging to a very remarkable family, of which the 
Chimeera is the only living typc,| naa found in the chalk- 
marl at Ilamsey, near Lewea, many years since, aasooiated 
with turrilites, hamites, dtc, and subsequently examples have 
been met with in the lower chalk and lower greenaand, and 
many other forms have been discovered in secondary and 
tertiary strata ; thus affording evidence that the ancient aeaa 
were inhabited by aeveral genera of this eurioua and now 
limited group .f 

■ Medali of Crestion, vol. ii, p. 591 ; Qeobgy of Hie Isle of Wigln, ;]. 
170. 

f Medals of Creitlion, vol. i<. p. 578. 

t Dixun'i Fouils of Sussex, pi. 32, fig. 6, 

i Medals of Creation, vol. ii. ]>. 564. i| Ibid. p. S@9. 

f Sir P. G. EEetlon, ia 18)7, read before the Ocologieal Swiety nn id- 
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3i. Sackoids and HYpaoDON. — Teeth of fiahes belong. J 
ing to that dirieioa nailed Sauroid, &om their combining in I 




their atnicture certain characters of reptilea,* have beeu 
I'oimd in the chalk. Such aa the JBelotiMlomut, Catarm. 
ZopkioslOTiiut, and Foniognathvs ; the lirat two of which have 
species in the haa alao-t 

A genus of extinct fishes, allied to the Pikea and Miicke- 
rels, and establiahed by M. Agaaais Iroin the eituninatioi) of 
aome vertebrae and other bonea, ia named Hypsodon, from 
the straight and pointed form of the teeth. A jaw witli 
teeth, aome vertebrie, and the ot hyoideg of this fiah were 
discovered in the chalk near Lewes, and are figured in PI* 
ilii. of the Foaaila of the South Downs. Their apparently 
reptilian character led me to consider them as beiongioj 
to a aaurian, until I obtained a considerable portion of 
the cranium, jaws with teeth, the bone that articulatea thf 
lower jaw with the skull, and aeveral biconcave vertcbnB, im- 

niiriLble memoii on tha fossil chimceroid Qshea ; uid his reruod uhob 
cluture of this group ia given by Mr. Dixon, Foililt of Suutx, p. 3IU. 
• Medals of Ciealion, \q1. ii. ?. 617. 

t Tte aboTe-munliQntd &a\ie», UnoViiei V\!ii. -mvci uComt, u« Wall 
Miy iilustraled in DUon'a GeoVoB] aaiSoMlii-ttlaM™^- 
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bedded in a block of chalk, and belonging to the same indi- 
vidual.* 

35. OsuBsoniEfi. {Lign. 1% fig. 1.) — Of the cycloid 
group, or fishes with scalea of a cycloid or circular form, 
smoothly margined, and composed of plates of horn or bone 
without enamel, there are t^'o or three species belonging to 
the wide-mouth Salmon family (acopelidas), which occur in 
the lower chalk near Lewes. These icbthyolites are exceed- 
ingly beautiful, and generally have the body uncompressed, 
and as round and perfect as when the fishes were alive. 
The entire cranium, opercula, branchial rays, and fina are 
preserved in some ciamples. From the close affinity of 
these fishes to the Smelt {Otmerut), they have been named 
Otmeroidet. In one specimen I succeeded in clearing away 
the chalk, bo as to expose the entire fish, which lies six 
inches in relief, beiag attached by the back to the block of 
atone ; the mouth is open, and the opercula, or gill-covers, 
and the branchiii arches are expanded ; the pectoral, dorsal, 
and ventral fins are in their natural position.t 

Even to those whose curiosity has not previously been 
awakened by the Wonders of Geology, the examination of 
these petrified inhabitants of the ancient chalk-ocean can- 
not fail to excite deep interest ; and I have often seen the 
man of fashion, as well as the philosopher, gaze in mute as< 
tonishment on these " relics of a former world." 

36. Maceotoma. ilAgn. 80, fig. 2.)— A fish, bearing 
some semblance to the large Carps in its general outline, 
but essentially differing in its structure, is the most remark- 
able ichthyolite which my researches in the chalk-quarries 

• This fine Bpeeimen Is now in the British Musoum, with oilier re- 
mains cfthe Hypaodon. Potri factions, &c., p. 444. 

A <plendid Bpeoimen of jawa and preraaiilliiry bones, wilh numerom 

leeth, that differ from the Hypaodon Lewesieaais in beinf sliEhUy curved, 

i* in tha choiee collection of Toulmin Smilh, E»\. fA ^v^s^ix,. '\~*'i 

species orHypaodan have been identified m ftie Y-oMtm liwi ■ 

f Medals of Creation, vol. ii. p. 626, ^\.1; iTvl t BW\laK^^t)t*, \ ■ "^ 
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around Le^mi havo brought to light ; * but it was uot till 
after iniiny yeara of porsovering leaooroh that the natiiro d 
the original was fully illuatrated. This fiith when at matur- 
ity must havo eiceoded two feet ia leiiglli i its ekeletou il 
massy, indicating a powerful framo ; and its thick bohIci, 
BtronR fias, and nharp teeth ahow llmt it vm a vorooioui 
animal, capable of pursuing and overtiUting live prey. Tin 
bead ia very large ; being nearly oqual to one-fourth tlx 
length of the body. The scales are Urge, and oro oovorod, 
on the exposed surface, with pointod ulongnted cylinden. 
The opercula are very long.f The rays of tho flns are largi 
and rigid, ospeeifllly those of tho anterior dorsal, which at 
armed ou each aide with rows of abarp apitiua. The tul ii 
very largo, rounded, and fun-Blmped, with strung eqiud rayi, 
supported by tho inferior and superior apinous proceaaos of 
the caudal vertebra). The form of the jawa and tooth ia slue 
remarkable, but my limita will not admit of further dotaili. 
In every example, there is present iu tho abdomen na ob- 
long cylindrieal body, apporently torminatiug at one end ilk 
a cid-de-soc : its surface haa a squamous appearouce, owing 
to tho Boparation otid partial exibliatioa of tlie mombnutw 
of which itB walla aro composed. Under the microscope, 
the ramiScation of the vosaels through these tisauea ia dii- 
tinctly accn. This appear to havo been cither tho niP- 
bladder} or tho stomach of the flab. OitproUUt (or foaiil 
eicrementa), having a slightly convoluted form, are oflsn 
fouud with the reniaiua of the Macropomn. Minute scalat 

* Fostlln or (ha Soutli Downn ; whore it in doacrlbod under tba RuM 
or.^ni>a Lnotiimiii. Tho Inrgoit appcimen lliorsin llgured (PI. 3S]«M 
rieaontDd to Bnron CiiTwr. nnd ii now in iho muaDum of tho Jardln iw 
FtantDB. Msdnla orCreslion, vol. il. p. GW. 

t WhencQ tha name ilacropema ,• /tatpiti ^""Si uid rSfia, oprmJum. 
Peldbctiotii uid their TeachiciRi, p. 436. 

J See Prof. WiUimniott's tAiBuivWi-iTis on i.\i\i tiJiiuot, Phil™. Tranf 
Hvl. 1849, p. 4G2. 
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and boneB of fishea are occfiBionally imbedded in the aub- 
etanCB of these coprolitce, ufibrdiug evideace of the carnivor- 
ous babita of the Macropoma. 

A fine specimen of Macropoma haa lately been obtained 
from the Purbeck strata by Mr. S. H. Beetles, the indefatig- 
able investigator of the fossils of the Wealden, and of the 
mammalian fossils of Purbeck in particular. This interest- 
ing discoveiy indicates a new point of relationship between 
the Wealden and the Cretaceous faunas. 

37. BebTI j AMD OTHEE TISHES OF THB ChAI-IC. — It 

would require a separate work to notice in detail even my 
omi discoveries in this division of the fauna of the chalk- 
ocean, which comprises nearly ninety species. I must con- 
tent myself with briefly noticing some of the most intereat- 
ing esamples, and referring to M. Agasaiz'a splendid volume, 
in which all the chaJk-fishea known at the time of its pub- 
lication are beautifully figured, and phUosophicaliy inter- 
preted. But so rapid haa been the progress of discovery 
that many new genera have since been brought to light.* 

Certain fossil fishea cloaely allied to the Perch were my 
first treasures of this class, and are among the most abund- 
ant of the Susses ichthyohtes. They belong to the genua 
Seryx, of which there are two species now living in the eeaa 
of Australia. Outlines of two of the moat common species 
of the Sussex and Kentish chalk are given in Ligng. 82 and 
83. The horny capsule of the globe of the eye is often pre- 
served in theae foaaUs.f Eemains of Beryi are not un- 
common in aome localitiea of the chalk in Europe. 

The annexed figures {Ligns. 79, 80, 81, 82, 83) are re- 
atored outlines of seven of the fiahea of the Chalk, eiecuted 
by Jlr. Joseph Dinkel, the enainent artist employed by M. 
Agaesiz. 

^^^ ■ Sae Monu, Catalogue of Biitlgli Pot 

^^^L i Medalt of Cnatko), nd. li. p. flf 
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Lign, 79, Jig. 1. Oatneroides ManUUi, This figure conveys a correct 
idea of the general outline of the fossil Scopelida found in the 
Lewes chalk. 

Lign. 79, Jig, 2. Acrognathtu boopa. There are but few specimens 
of this small fish. The relatively large jaw and eye are indicated 
by the name. The upward bend of the caudal extremity is doubt- 
less accidental. This fish belongs to the Salmon tribe. 

Lign, 80, fig, 1. Aulolepia typua. This is a unique specimen of a fish six 
inches long, belonging to the Salmonida. 

Lign. 80. Jig, 2. M€tcropoma ManieUi. See page 357. 

Lign. 81. Dercetis elongatua. Fragments of the elongated subcylin- 
drical body of this fish very frequently occur in the chalk of Sus- 
sex, Kent, and Hampshire. It is found also at Norwich, and an 
allied species in Westphalia. Examples, two feet and even more 
in length, are occasionally met with ; and yet but few instances 
are known in which any vestiges of the skull or of the tail can be 
traced. In the specimen from which the figure was taken, the 
parts represented were clearly defined. The Dercetis had on 
the sides three rows of dermal scutcheons (like those of the Stur- 
geon), that extended over the body, and the intervals between 
them were covered with small scales; in most specimens the 
latter only remain. (See Medals of Creation, vol. ii. p. 622.) 

Lign. 82. Beryx radians, Lign, 83. Beryx Lewesienais. Several ex- 
amples of these ancient fishes of the Perch-tribe have been found 
as perfect as in these delineations. Another and more delicate spe- 
cies, with a very small head (Beryx microcephalua), is occasionally 
obtained from the chalk-marl, exquisitely preserved. 

In the other subdivisions of the cretaceous formation, re- 
mains of fishes occur more or less abundantly in various 
parts of England,* the Continent, and America. One lo- 
cality only can here be mentioned ; Grtarus in Switzerland 

* Of the numerous species belonging to the nearly 50 genera of fishes 
represented in the Upper and Lower Chalk of England, only five or bix 
occur in lower cretaceous beds of this country, with one or two spe- 
cies of additional genera. An account of the remarkably fine and well- 
preserved jaw, with teeth, of the fossil Shark known as Hybodua, discover- 
ed by Mr. Ibbetson in the Lower Greensand at Atherfield, is to be fouud 
ill the lale of Wight, p. 169. 
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liriB lonK Ti(«n cplebrated for thp proftision nnd vuritty «l 
iHitbyolitcis whifh m-cw in a very Imril, ljlnj:k, InmiiiUfd 
nifk, highly bituminmis, und waruily iIistiii)i;iiiiilmWe lilW 
ItiKJi^aUy froiu Rome of the mont nnciont ilntc-ruclcii. But 
from th«< ohumctcni of tho ftmaU iithm, wliich are nil <i( 
cri'liic«ou8 gtmorft, M. AgMsiK wiw (inttbled to jirovo ihtf 
tliu OluniH ilutcii buluiig t<i thu uliulk^fonnation ; the nlittfi 
condition of the rook havinff rosultfld from the efi«ct nf 
high temporaturr) under (treat preBsura. 

In concluding thii cnntory noticu uf tlio fiilie* nf the av- 
tncuouM epoch, I would remnrk that nearly nil the ((eiu-n, 
und probably nil the ipeciefl, are extinct, btit related to tif 
tiury fomiM. Tliii remit in in oci^orduice wjlh thnt denW 
from tho nxnnii nation nf tho Konphyti'i, inolliiHCA, and lAhei 
orKitniRini, which have come under our notice in Uiu cuurw 
of thin review. 

as, UflFTitEB OF THi CujiLii. — The remaini of nptJln 
Hiicovrred in thii formation, though not very numoruui,* 
are lutScient to arrest attention, when contraat«d with tbi 
entire abaenuu of uU troeoH of warm-blooded antmoU. Wi 
perceive, as it wore, tho flr«t indications of that nimnrkahlt 
diserepancy in the relative numerical prn[>ortion of tin 
mammalia and tho reptilla which diBtingui«heH the eecond' 
ory fVom the tertiary and modem epochi. 

1^he nioitt extraordinary of tho reptilOM [lerulinr to tb» 
chalk is the MoBMaurus of Musatrlcht (antx, p. 3L0). Relict 
probably of the Moeitrieht Bitociea, as well u of two or 
thnw allied formB, have been met with in the Eugliah chalk.t 

Teeth of crocodilcB are mentioned by Boron Cuvier u 
having boon obtained fWim the olialk at Meudon, 

• Thfl EtiKllih >po(iivi ore In tiiimlMn' aboiil twonty-four, u 
tw«lvo ggnori, Thoy sro Sutty itinwrlbid and llliulralsd In Owtn't U»- ' 
nngniph uf Iho CroMccoiii KnptUca (rnloimt. Soo.); uid to Ptwrft I 

FuMtDi ufSiiugx. 
t Sea Modnlf. vul. V,\, p. 70*1. 
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k. ooniiderable portion of a spinal column compoeod of 
□caro-coarex vertebree, witli raaay ribe, and part of the 
IviB, of ti Binall lizard, were found in the cLolk near Maid- 
jne ; and another Bpecimen of the anterior portion of the 
ine, with part of the cmnium, tvaa ol^nvards obtained hy 
rs. Smith, of Tunbridge Wella. These two portions ap- 
rently belonged to one Bpecimen of the SoUchoiourvt 
tfficoUig of Owen.* A jaw, with numerous subulate teeth, 
chyloBcd by their base to an alveolar parapet of bone, as 

the recent Iguana, baa been discovered in chalk near 
imbridge. This relic illuBtrates Prof. Owen's Raphiosauriis. 
Remains of two genera of marine reptiles, tlie Ichthyo- 
.iruB and Pleaiosaurus, occur, though rarely, iu tlie chalk 
SiiBiex, Kent, Cambridgeohire, and Dorsctshirct 
From the lower greeneand of Kent one of the most inter- 
ring specimens of the Iguonodou has been obtained ; and 

similar strata at Hythe, have been found numerous 
nea of A gigantic marine reptile, to which are also ascribed 
rtain largo conical striated teeth {Folypfi/cliodon), that 
uur in the lower chalk and the upper and lower green- 
nda of various localities.} 

That the Pterodactylea, those marvellous flying reptOes, 
isted during the cretaceous epoch, we have proof in 
iferal ipocimeiis of bones of the estremities, and of parts of 
B cranium, and jaws with teeth,§ obtained from the clialk- 
t at Burham, in which the fossil turtle, presently to be no- 
red, was discovered. 

88. Fosaii. Turtles. — Of the Chelonian reptiles, or Tur- 
?B, remains of marine species ore found abundantly in the 

* Mednla of Creation, toI. ii. p. 71 1. 

+ I IWTe recoiTWJ a, *erl«brft of a Ple»io«fturu» fiom iho clialk ncm 

uidfoid, through the Icindnon of Mr. J. Shijip. 

I Mcd«l« of CrMiion, toI. ii. p. &83. 

{ Mr. BoirerJianl's collection is eiiriclwd ■w\ili tfieiii vfKj^e wyui- 

o« of pterothctyUsm jnwB and other lemnin*. 
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linieatoDe of 8t, Peter's Mountain, and in the alaty beda of 1 
Glarus. In the white chalk of England relica of this iiind f 
are rare ; hut a few beautiful specimeos of a sniaU uu) I 
very peculiar Turtle have been found in the chalk of Kenl.' J 
Ttiis reptile, which 1 have named, in honour of *' 




Chelone Benetedi, appears to blend the characters of '^ 
Chelonians, or marine turtlee, with those of the Hmgdii at 
freshwater forms; and since my description of the fosailt 
fji^ured in Ligii. 84, two other specimens have been fouDiL 
of about the aaine size, and presenting similar characWT'- 
The upper part of the carapace delineated in the drawiit;:i 

■ At Burhain, betweeti Chalham and Haidaluue. 

t See Iho notice of a foaail Turtle from Iho Chalk. Philos. Tnu» 
Muy, 16-11 i with two pluteH. PioC. Owen also hati Ugaied uid d«scnb^ 
this Bpecies in hbi Monogiaph of Cielacsous Reptiles ( PattEanlagnpb- 
Sucietir), IB&t, and Dr. Reusa, in the TmuMctionB of the Vienns A»- 
demy of Solences, vol. i. Ibbb. 
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lA^. 84, can be removed, so as to expose the bones of the 
plastron, or sternal plates, beneath. This fossil is six inches 
in length, and three and half in breadth. 

40. ST710CABT. — The characters of the Cretaceous Eorm- 
ation, as shown by these investigations, are those of a 
vast oceanic basin, filled up with organic and inorganic 
debris enclosing innumerable remains of the successive ge- 
nerations of marine auimalfl which lived and died in its 
waters, through periods of incalculable duration. 

The fossil fuci indicate that the chalk-ocean possessed the 
usual marine flora ; while the drifted masses of wood bored 
by teredines, and the fir-cones, stems of cycadeous plants, 
leaveB of ferns, and bones of terrestrial reptiles, prove that 
its shores were bounded by dry land, which was clothed 
with forests, and inhabited by colossal oviparous quadrupeds. 
Of the higher orders of animals no unquestionable relics 
have yet been discovered. 
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a. UagDllollii I 
DHliiD. tf. tM;uciicei>ro«>li)(l»l CbVIKH. 47. BalroipHl, 

1. Geoiogt op the south-east oe ENOLAirD. — From 
the foregoing survey of the marine formation of the Chalk, 
we turn to the remarkable fluviatile deposits of which the 
basin of the cretaceous ocean, In the south-east of Englaadi 
was composed ; in other countries, as I shall hereafter bavs 
occasion to remark, that ocean-bed was formed of the Oolitl ■ 
and other more ancient rocks. It vrill now be necessary ta , 
ofl'er a few obscn-ationH on the geology of the district IB 
which the Wealdeu ia so largely developed. 

The strata of the eouth-east of England belong to thrM 
principal groups or formations. The ^nt consista of tbl 
Tertiari/ sands, clays, and gravel, which occupy depreosioni 
in the chalk, and are descrihed in the previous Lecture. 
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The second is the CretaceoKt sericB (including under this 
term the Chalk, Chalk-marl, Upper Greensand, Gault, and 
Iiower Greensand), which form the most striking features 
in the physical geography of the country. The upper divi- 
sion of this formation constitutes the South Downs, which, 
from the hold promontory of Beachy Head, traverse the 
county of SuBsei from east to west, and pass through 
Hampshire into Surrey ; from Godalming the chalk-billa 
extend by Godstone into Kent, where they are called the 
North Downs, and terminate in the line of cliffs that atretches 
from Dover to Eamsgate. The lowest member of the chalk- 
series, the Xoi/rer Oreensand, appears as a chain of hills of 
irregular elevation, skirting the eBcarpments of the chaJk- 
downa ; the OauU for the moat part occupying the interme- 
diate valley. 

The third group fills up the area between the North and 
South Downs ; the most elevated masses form the Forest- 
ridge, which traverses the diatrict in a direction nearly east 
and weat, and is composed of alternations of Baadatones, 
sandfl, shales, and clays, with a deep valley on each flank j 
this is called the Weald: hence the geological designation 
of the whole series From the central ridge of the Wealdec, 
which varies in height Irom 400 to 800 feet, and stretchea 
from Fairlight Down near Hastings, on the east, to bejond 
Horsham on the weat, the strata dip an ay or diverge on 
each Bide towards the Downs (thus constitutmg an anit- 
elinal axis), and disappear on either side beneath the lower- 
most beds of greensand There are conclusive proots that 
the "Wealden strata were onginal]> covered by the chalk, 
and that their present position and appearance are attribut- 
able to changes which have taken place subsequently to the 
cretaceous epoch.* 

• Sae Geology of the South-east of England, chap. li. [ and Lyell'a 
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2. OEOI-OGlCiL P11ENOMB8A BKTWSKN LoKCOM IHO 

BuiQUTON. — The diraet turtipiko-roudii from London lu 
Brigiitou pass over tbe whole seriL's of thoso depoRJl), u 
wcLl M those (It^Bcribed ia tlie pruvioua lectures. l*rocee<i- 
ing from the ThameH, the observer at first trnvcTBOB the mo- 
dern silt of the river, and thu tincisut drift and oUuviuui, 
containiDg remains of elephants and other large moninialii. 
if ho proceeds by Heigate, his road, through Claphoin toA 
Tooting, lies over heds of ulay and gravel, which form put 
of the ancient shores of the London estuary. At Siitton 
he ascende the chalk-hilU of Surrey, and travela along in 
undulated tract of country, farmed hy the clovnted nuuwi 
of the ancient cretaceous deposits just described. Arriving 
at the precipitous southern escarpment of the North Uownii 
a magnificent landscape, displaying tlie physical geogrsplij 
of the Weald, and its varied and pictures»)ue scenery, sud- 
denly bursts upon his view. At his feet lies the deep valley 
of Gault in which Heigate is situated, aud iniuiodiatoly tx^ 
yond the town, appears the elevated ridge of Lower Green- 
Hand, which, stretching towards the west, attains at Leith 
Hill an altitude of one thousand feet,* and to the east foro» 
a line of sand-hills, by Oodstono and Sevenoaks, through 
Kent, to the sea-shore. The Forcst-ridge of the Wculdeo 
occupies the middle region, extending westward toward" 
Horsham, and eastward to Crowhorough Hill, its greatcrt 
altitude, aad thence to Uimtingf), having on each llaiik tbt^ 
wealds of Kent and Sussex ; while in the remote distaiiMi 
the smooth and unduLited summits of the South Downs ajK 
pear like masses of grey clouds on the verge of the hori«»D. 

Pursuing his route, the traveller passcii through Beignti, 
along the valley of Oault, and over the Lower QretiuaiU 
of Cockshut Hill, and arrives at the Wealdan. Tho WeiJi 
olay, containing beds of fresh-water limestone, appear* ■ 

* Sea tbe "Mtmoir on th* Gaologj/ iff tfia Country uifH /ivm (A« «■«• 
flit <ifLtilh Hill," in Brayley'« HUiory of Ui« County of Hurray. 
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Horley Common ; and, while in the commencement of hia 
journey the roada were made of broken cbalk-flinta, and at 
Reigate of cherty- sandstone, the materials here chiedy em- 
ployed are the bluiah-grey calcareous rock of the Weald. 
At Crawley eand and sandstone appear, and the road is 
conetmcted of grit and limestone, containing fluviatile sheila, 
bones, and plants. Crossing TUgate JPoreat and Handcross, 
over a snccesaion of eleyated ridges of sandstone, niii! 
thrcnagb clay-valleyB, produced by the alternations of the 
strata, be descends from the sandstone ridge at Bolney, near 
Cuckfield, and again journeys along a district of "Weald Clay 
containing freah-water limeatone. Oreensand, like that of 
Eeigate, reappears at Hiekstead, and is aucceeded by a tract 
of Gault; and finally, entering a valley of Chalk-marl, he 
reaches a defile in the South Downs, through ■which the 
road winda its way to Brighton ; the trayeller having in the 
course of hia journey passed from one chalk-range to the 
olher, and crossed over the intervening area formed by the 
exposure of the Wealden. 

3. London and Bbibhton Eailwat ssctiok. — A simi- 
lar section is displayed along the line of railway from Lon- 
don to Brighton. Leaving the station at London bridge, 
the tertiary clays, rich with their ebaracteriatic fossils, are 
seen from beyond Deptford, by lUevi Cross, Sydenham, &c. ; 
and, near Croydon, beds of gravel appear, with intersper- 
sions of olive-green sand. The valley beyond Croydon, 
along the aide of which the railway proceeds, is occupied by 
a thick bed of grave! reating on the chalk. Beyond the 
station called Stoats' -neet, is a fine section of the chalk-with- 
flint, and the North Downs are traversed by a long tunnel, 
carried through the solid chalk and emerging near Merstham, 
where the chalk-marl and firestone rise to the surface. The 
lower cretaceous clays and sands are passed at the Ked HiU 
and Giodstone stations, and the Wealden claya appear at 
Horley, and are succeeded by shales, limestones, aanda, and 
sandstones, to the Crawley station. 
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PaBging through a long tunnei in tk 
"Wealden, we arrive at Balcombe, where 
laminated sandBtone and shale are seeo od 
each aide the cutting. The general dip of 
the strata hitherto paeeed la to the nortli- 
etui ; but after proaaing the deep Wealden 
J valley heyoiid Balcombe, over a magnifi- 
^ S cent viaduct, the line runs along altenut- 
^ £ ing layers of sands and clays, which dip to 
S the soul/i-taest ; we have therefore arri Ted 
S on the Boutheru side of the grand anticlinal 
g lata of the Forest Ridge. The Wenlden 
L strata continue, with the same general in- 
^ clination, hy Hayward's Heath, which is 
3 traversed hy a tunnel, to beyond St. John's 
3 Commou, where they disappear beneafb 
g the lowermost greensand beds of the fiinlli 
I g formation. The gault, upper greensand. 
i " and chalk-marl succeed, and lastly tbe 
iJ ^ white chalk of the South Downs, at Clay- 
g ton Hill, through the base of which a long 
3 tunnel passes, emerging on the south of 
g the Downs. The remainder of the line to 
r. the Brighton station runs over or througb 
I hills and valleys of the white chalk, 
f Thus this railway passes through two 
^ ranges of chalk hills, viz. the North and 
i 2 South Downs, hy tunnels ; two of lower 
' greensand, vie. near Red Hill in Surrej. 
[ and Huratperpoint in Sussex ; and two 
principal ridges of Wealden, ris. at Bal- 
combe, and Hayward's Heath. 
a line bearing more to the west ; as, (at 
example, from London to the southern 
shores of the Isle of Wight, in 8aiidoini 
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Bay, we shall have the section represented in Lign. 85, which 
exhibits the entire series of the deposits, and their relative 
position in the south-east of England.* 

The older tertiary or eocene strata, forming the site of 
London, are seen occupying a depression of the chalk ; the 
North Downs of Surrey next appear, — then the anticlinal 
ridge of the "Wealden, — ^the South Downs of Sussex and 
Hampshire succeed — covered on the south by the marine 
tertiary strata of Southampton, — then the depression in the 
strata occupied by the Solent, — the north of the Isle of 
Wight covered by fresh-water and marine eocene deposits, 
— next the highly inclined chalk-range of the Island — and 
lastly, the emergence of Wealden beds from under the lower 
greensand, in Sandown Bay.f 

4. The Wealden. J — ^The tertiary basin of London af- 

* The succession of strata is readily traced along the railway-lines on 
such geological maps as that of Knipe's, Greenough's, or the small map 
published by Stanford under the auspices of Sir R. Murchison. 

t See page 389 ; and Geology of the Isle of Wight, p. 96. 

X The whole of the fluvio-marine or river and sea deposits lying be- 
tween the Portland stone and the lower greensand are here comprised 
under the name of Wealden, The fresh-water and estuarine beds in the 
Wealds of Kent and Sussex were first elucidated by the author of Che 
** Wonders," and by Dr. Fitton ; and subsequently Mr. Webster, Prof. 
E. Forbes, and others worked out the relations of the estuarine shales 
and limestones of Durlstone Bay, the Vale of Wardour, and other parts 
of Dorset and Wilts, and of some places in Bucks. 

The Dorsetshire series, termed '* Purbeck beds," are below the clays 
and sands of the Wealden proper, which occur also in Swanage Bay ; 
they possess more marine fossils than the latter, and indeed appear to 
have somewhat of an oolitic character in their organic remains ; whilst 
such sea-shells as occur in the upper series are for the most part creta- 
ceous in their relations. The flora, or plants, however, and the vertebrate 
remains of both groups of strata, the Purbeck and the Wealden proper, 
are more or less oolitic in their types. 

Prof. E. Forbes, in 1850, subdivided the Purbeck beds into Upper, 
Middle, and Lower, and, in accordance with Mr. Austen's views, of the 
same year (Quart. Joum. Geol. Soc. vol. vi. p. 467), referred them to the 
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forded an eiarajilc of the accumulation of detritus and la- 
ganii; remains iu on inland eea or land-locked bay; — thatd 
Paris, of marine and fresh-water sediments, depoeited in i 
gulf open to the sen on the one side, and fed by rivers and 
thermal springs on the other; — the lacustrine formationaaf 
Auvergne, of the gradual precipitation of strata in tlie tran- 
quil waters of lakes ; — the cretaceous formation, of the opeiv 
tiona which have taken place in the profound abyss of U 
ocean ; — while the series of deposits to which the term We^ 
d^n is applied present the most striking instance of an la- 
eient delta, with its brackish lagoons, hitherto discovered. 
Tet strange as it may appear, although these strata occujiy 
the whole area between the North and South Downs— I 
tract of country traversed daily by huudrcds of intelligent 
persons from the metropolis, their peculiar characters were 
entirely unknown not mony years ago ; the whole group 
being then supposed by geologists to belong to a series of 
marine clays and sands below the chalk." 

Before entering upon the description of these strata, I 

oolitic period ; neslgning tlm Weulden proper (o the crelaceou* age. li 
tliH Sir C. Lyoll has followod him. 

InGoriflBny, Purbecltian and WealdenfosiiJ»nppearlo occur logeiW; 
Brown, Hoemer. and olhera Teferring Ibem to the Oolilio series. Hint 
stil) ramaiiui n wide field for reiearch in Che study of Ihe extent and [*• 
lations or these and other flurio-marins dcpoaita of (he meaoiaio period. 

For a rSnimi o( geological memoirs on the W«a1den, the ilndeni il 
referred (a that great atorehouae of inrormation, M. D'Aichiac'a " Hiatoin 
dea Progr^a de la G^ologie, vol. iv. 

• " Until the appearance of Mr. Manlell'a works on the geology if 
Suaaex, the peculiar relations of the vaat thickneis of aanditones and elqt 
oftiie interior of Kent, Busaex, and Hampshire were entirely niinin4cf- 
Blood. No one auppoaed that these immense strata were altogether of ■ 
peculiar type, and interpolated amidst the real of the marine formaUoHi 
as a luoal estuary formation, of vhich only very faint tracea can be ftr- 
ceWed in other parts of England."— Pro/etiof Ja/in Phillip; Entf. Uf 
tr^Olitana, p. 631, \tI. Geologn ; wni MoiwdlnJ GenVuxa.ViW.^.all, 
BnakoDr. Ft(toi»'» Geolo<r!ro/ Hurting*.^ ^■'^- 
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would remmd you of the effects of rivers, and the nature of 
modem fluviatile deposits, as explained in a previous liCcture 
(p. 56). We found the deltaa of rivers to consist of clay 
(or indurated mud), alternating with hede of sand and aand- 
Btone (or conaolidated sand), and containing leaves, branches, 
and trunks of trees, fresh-water shells, works of art, honea 
of man and of land-animals, more or leas rolled, together 
with boulders formed of fragments of rocks, transported by 
torrents from the hills, or washed out of the banks by the 



Let ua now suppose that, by agencies already explained, 
a river has disappeared, that the sea also has changed its 
place, and that the bed of the river and the delta have be- 
come dry land [ that towns and villages have been built upon 
the consolidated fluviatile sediments, and that the surface is 
either clothed with turf or forests, or under cultivation. If 
sections of the strata were espoaed, either by natural or ar- 
tificial means, and the bones of men and animals, with works 
of art, and remains of plants and shells, were visible in the 
clay or sandstone, such appearances would excite in us no 
surprise, because we have made ourselves SJ^quainted with 
the process by which such deposits are accumulated. And 
should an inhabitant of the new country eipress his wonder 
how brittle shells and delicate leaves and hones had become 
imbedded in the solid rock, — and if, when we stated the 
manner in which those changee had been effected, he should 
not only refuse his assent to our explanation, but insist that 
the shells, leaves, and bones were merely accidental forms of 
the atone, should we not feel astonished at his ignorance 
and prejudice ? — yet not a century since, and such an opinion 
almost universally prevailed, and is even still entertained by 
many. And further, if our assumed personage admitted 
that the remains in question were fossil animals ani^ 
ables, but asserted that they had been entombei 
Htrata by a general deluge wMch \\iid «ii%«ne&. "^ 
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the earth, and ingulfed iu the aediments of its waters tl 
reinaina of animated nature, — sliould we not reply, tliAt, 
such a catastrophe must inevitahly have mingled together 
the relics of animals and vegetahlea, whether of the land, 
the rivers, or the aeas, the regular stratification of the mate- 
rials composing the delta, and the eicluBive occurrence rf 
land and fresh-water productions, were fatal to such aanp- 
position, and afibrded conclusive evidence of the correctnes! 
of our explanation of the phenomena ? It waa by such in- 
ductions that the fluviatile nature of the Wealden wu 
established. 

5. WiAiDEK pF THB SuBBEi OOABT. — From the ei- 
tensive exposure of the Wealden io the Houth-eaat of Eng- 
land, jnstnictive sections have been formed between Beatbj 
Head and Dover by the action of the sea along the eoBSi, 
From the stupendous cliffs of Beachy Head, the Chalk vi- 
tenda towards Southhourn, where beds of Gault and of Tp- 
per and Lower Greenaand successively emerge, forming the 
base of the shore, and abounding in characteristic marine 
fossils. Passing over Pevensey Levels, the houndarr of 
which on the sea-side ia obscured by modem shingle, we w- 
rive at BeihDl and Bulverhithe, and find the clif& composed 
of laminated sandstones and clays ; and those of St. Leo- 
nard's, of similar strata, more extensively developed; sandi 
and clays separated into very thin laminie alternate with 
conglomerates, indurated annd-rock, and gritty sandstonMi 
At Hastings, sands and clays, with interspersiona of lignitCi 
laminated ahales, grits, and sandstones, constitute a long 
range of high cliffs.* The general resemblanee of the« 

• See A Gaide to tho Geology of Haalings; by W. H. FilUm, M. 
F,R.S., &c. Thfl "Geology of llie South.*a»l of England" conu 
a nisp, sections, and details of the geological structure of t3]ii uitereiliaf 
district. Mr. WebMet'a memoir in the Geological Transaelions, Uid Ht. 
Beciies'a later obaetvaliona "m ftw Q>io.t\Bx\-j deAin,- ioam»i,ttteiittOi 
with great minuteness iliBBiiaW&onxiQBo^'iOfi'ftiavSiy^""- 
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strata to fluviatile sediments is most striking ; the laminated 
itructure of the clays and sholea, the couBtant iiit«rmistura 
of minute portions of lignite, the nbaeoce of pebbles and 
ehiogle, and the alternationa of mud and sand, are lithoiogical 
characters constantily observable in river- depos its. 




To the west of Hastings a fine mass of the strata, com- 
prising several layers of calciferous grit, alternating with 
iriable sandstone, was formerly exposed on the aea-shore ; 
having at a very remote period been separated from the ad- 
jacent cliff. The action of the wa,ves having bleached the 
projecting layers of grit, the maaa obtained the local name 
of " White Sock" {Lign. 86) ; but the late improvements 
between Hastings and St. Leonard's have removed all traces 
of this outlying portion of the Hastings beds. The nature 
of the organic remains which tbe atiata coTAsia. •)i&.\i* tsja?- 
a/dered hereafter. 



F 



6. PoTTNcEFOBD. — In the iaterior of the country, tlie 
quarriea opened along the ridgea formed hv the compaet] 
grit afford variouH inatructive sections ; and the vallejii 
which are eroded by etreams expose in many places the brfl 
of shales, laminated clays, and limestones. Founceford, on 
the estate of the Earl of Aahhumham, on the road to Bur- 
wash, in Susses, presents several highly interesting sectiont 
of these deposits.* Descending through a defile cut through 
the Hastings sands, we arrive at the hottom of a deep glsui 
along which a rapid stream, that burata out from between 
the clay-partinga, rushes to a distant and lower vaUey. Ob 
each side of the vale, openings are made to arrive at a gwj- 
ish blue limestone, abounding in shells, which is employed 
on the roads, and is also converted into lime for agricultunl 
purposes. Where the stone lies deep, shafts are sunk from 
the surface, and after the extraction of the limestone they 
are deserted and filled up. This spot is highly interesting 
and picturesque; iijcruating springs issue from the limestone- 
beds, and deposit tufa on the mosses, equiseta, and l»nd- 
ahella. Thousands of foasil shells are seen in the clays imd 
shales ; and stems of plants, scales of fishes, teeth and bones 
of reptiles, and other remains are imbedded in the atone; 
while the banks, where newly eiposed, exhibit numberless 
alternations of laminated shales and clays, full of freah-wiiler 
shells. In a riait to this place with Sir C. Lyell, in 1831, 
many new species of shells were found in the bed of the 
stream, having been washed out of the banks of day ; and 
we collected teeth of crocodiles, and bones of freah-watw 
turtles and of other reptiles. Several species of Cyclat or 
Ci/rena and of Cerithium were abundant in the clay (iijd. 
103) ; and a mussel-shell, which has been named MgttU* 
LyeUii, to commemorate our excursion, also an estuarine 
species, was found in a mass of shale that had fallen into the 
i-ivulet. 

, ■ Gcoldgy oE ^.\veSl^■tt'.'n-^■^«-Q^^w^■«^-■^-'en.. 
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7. TiLQATB FoHEBT. — As the grit or ealciferouB sand- 
stone of this district forms aa excelleat road-matenal, the 
quarries along the principal lines of road leading from the 
metropolis to the south-enatem coast are very numerouB ; 
and those spread over the area of Xilgat« and St. Leonard's 
Forests were eitenBively worked some twenty-five years 
since, when an increased communication between London 
and Brighton rendered it alike necessary and profitable to 
keep the turnpike-roads Id the best possible state. 

This district may be described as hounded on the west 
by the London-roads leading through Horsham, and on the 
east by those which pass by Lindfield and Cuckfield ;* the 
Crawley-road, as previously mentioned, passing through 
Tilgate Forest. TTiese localities, particularly the latter, 
have acquired much celebrity for their organic remains ; the 
quarries in that part of Sussex having been the principal 
source whence the specimens figm^d in my work on the 
" FossiU of Tilgate Foreet "t were derived ; but every quarry 
tbroughout the Forest-range, from Loiwood, in western 
Susaei, to Hastings, have yielded the peculiar fossils of the 
Wealden, more or less abundantly. 

The quarries around Tilgate Forest, where the calciferous 
grit is worked, present the following section : — 

1. Pppermosf. Loam or clay ftom one to fi'o or six fuet in deptli ; 

destitute of fossils. 

2. Sandstone of varioua abades of fawn, yellow, and msly colour, in 

laminie or thin layers, occasionally containinB organic romains and 
pebbles ; I eight feet thick. 

■ For a skatck of the Cuckfield Quatries, see Petrif. and their Teach- 
ings, p. 202 ; and frontispiecs to Geology of S.E. England. 

T The Fossils of Tilgat* Forest, 1 vol. 4to, with plates, 1827. 

X The pebbles found in the Wealden beds of Sussex luid the Isle of 
Wight are but small. The equivalent strata at SviauaiEP fivj um^juB. 
iBiher coareer pebbles, Mcordlng to the Kev. Q. ¥"ia'nef, ■«>»> ^M-'^^^aa 
mates that at Worbarrow Bay and at Lu\woH.\i, »s B.\a<a ».l"K&'S««-'^'^=<* 
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Sundslone, with concretionaty masses of harder SBndatone aod pit 
This hud sandslone is forued of sand cemented lagether b; c^- 
uareoua spar ; hence, when broken, it preseiits glisiening apecki 
ove: the fractured surface, giving it a cbatoj'ant lustre. Tliii 
Eandslone or grit has evidently been formed by the peicolalioi of 
water charged with calcareoua matter into loose sand ; il ibonnji 
in bonei and teeth of reptiles, stems and leaves of planls, ^idti. 
&G. Towards its base the Tilgaieffrit contains IhinUyeis ofMO- 
glomerate, formed of rolled pebbles of sandstone, jasper, qiurti, 
indurated clay, bones and teeth of reptiles, and of (ishea; ihoc 
organic remains are generally much walerwom. 
4. Blue clay, with bones and fresh-water shells ; depth, imlcnoirn. 

This ie the usual seriea of Btratit exposed in the tjuarrin 
arotuid Cuckfield, Lindfield, Bolnoy, Ac. Near Howhsm 
the fawn-coloured aaudafcone ia more compact, and of alamifl- 
ated structiu'e. The thin alaha are used for roofing, and the 
thicker ones for paveraeats ; their surfaoea are Hometime* 
deeply fiurowed or rippled, — an appearance upon which I 
will here ofier a few observations, 

8. EippLi-MAHKa ON Sandstone. — The furrowed sur&ce 
of the eaudstonea and grits which are used for paving m 
Horsham, Crawley, and other towns and villagea on the 
Foreat-ridge, muat have attracted the attention of most 
persons who have traveUed by road from Brighton to Lon- 
don. The appearance of these slabs is similar to that pre- 
sented hy the sand along the sea-shore at low water, when 
the ripples occasioned by the receding wavea have been 
deeply impressed ; the markings on the stone have arisen 
from a similar cause. In many instances the surface is to 
rough, that the stone is employed in stable-yards, where in 
uneven floor is required to prevent the feet of animals from 
pebbles are coarser still. See Mr. Fisher's interesting paper on the PB^ 
beck strata of Dorsetshire, Cambridge Phil. Soc. Transactions, vol. ii., 
1855. This anther's observations on the probable direction of the Well- 
den river (from west, to easV.^ « ncft. Iwnniaul with Mr. Austen's vio"! 
of the structure oi tto VIea\aim,Ged\o%\cii.%QBs«i'aim.xoA.-^d-A. 
p. 07. 
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Sipping in poBsing over. It sometimes happens, when a. 
largo area of a quarry is eleareii from the soil which coTers 
it, that a moat intereating appearance la presented, the whole 
Burface being rippled over like the sand on the aea-shore ; 
and the spectator is Btruek with the conviction, that he is 
standing on the sands of some ancient river-aide or sea-shore, 
delta, lake, or estuary, now turned into stone. Sometimefl 
the furrows are deep, showing that the water was much 
agitated, and the ripple strong ; in other instances the un- 
dulations are gentle, and intersected by croas ripples, prov- 
ing a change in the direction of the waves. Some slaha are 
covered by slightly elevated longitudinal ridgea of sand, made 
up of gentle risings, disposed in a crescent-like manner; 
these have been produced by the rilla which flowed back 
into the sea or river at low water. In other examples the 
Burfece is marked by angular ridgea irregularly eroasing 
each other, like the Assures in septaria ; these have obviously 
been caused by deposition of mud or aand into crevices pro- 
duced in a sandy or muddy aurface by deaiccation. Many 
slabs of stone, the smooth as well as the furrowed varieties, 
are covered with small aub cylindrical markinga, which are 
the trails formed by annetida (worma) or molluaea (shell- 
fish) ; but I have searched in vain for the foot-marks of 
turtles or other reptiles, whose bones are so abundant in 
these strata. The frequent occurrenceof irapreaaionsof the 
feet of animala on the rippled sandstone of other formations 
renders it probable, that sooner or later the tracks of some of 
the oviparous quadrupeds of the "Wealden will be discover- 
ed on the slabs of Tilgate stone.* The deepest furrows 

• This ■well-founded untioipation has not teen wilhout its fulfilment. 
Some peculiar trifid stones, distantly representing three enormous toes of 
a gieat bird's foot united by a hee], were long ago noticed on the Weal- 
den Bhotea of the Isle of Wight by the Rev. Mr. Taggitt, Mi4 Witufc- 
quently made lie subject of reaearct by Mi. Btttoea. tvV. %i*. 'Ct».*». 
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haTO generally a aligLt coating of bluish clay, charged willi 
minute portions of lignite and other vegetable matter ; ui 
appearance probably caneed by the streams from the shore, 
t^afc flowed over and coated the rippled aaod. The phe- 
nomena here noticed afford an interesting example of tlia 
perfect aimilftrity of a natural proeeas in periods aeparatei 
irom each other by immenBe intervals of time." 

9. SUBMTISIOSS AITD ESTEST OP THE "WeaLDEH,— Thfl 

Wealden ia subdivided into aeveral groups, which are cha- 
racterized by the lithologieal nature of the strata and tiie 
prevalence of certain kinds of fosails; throughout the whole, 

fossils were thought by many to be purely concraUoaaiy in Iheir origuii 
but Mr. Becldes, finding many of them on Ihe shore near Hastings, tnrad 
them to their ortgtugj places ia the clilf, and found that they wdtg ihici:- 
ened masses in a calcareous aaiidslone ovulying a clay-bed, and thai, u 
the sea washed away the clay, the trifid masses separated by their wei^ 
bom the bed of wluch they formed part, and fell to the beach. Furttit^ 
Mr. Beckles discorered lliat they uniformly projected □□ the tindir mr- 
face of the sandstone-layer, and necessarily lilled cavities on llic i^fir 
surface of the bed of clay ^ lastly, aflci soms time and much laboui. li> 
discovered that both these large trifid masses and smaller trtfid or ihree- 
toed imprints on day-rucks of the same series of deposits (name 
Maaling Sajida, tho glroup that comprises the Til gate-stone) ocourred ia 
regular linear series. See Quart. Journ. Geol. Soc vol. x. p. 450. Froa 
their peculiar uniscrial or one-lined arrangement, Mi. Beckles was taoch 
inclined to refer these foot-printa to some unknown gigantic birds, bn^ 
in his paper on the subject, he pointed out that uniserial foot-tracks 
made by some quadrupeds, both mammalian and reptilian. The liU 
discovery, by the same indelaligable geologist, of the bones of the fuol of 
an Iguanodon, m Che Isle of Wight, vrill probably soon elucidate the n- 
lations of these foot-printa to their originators, A unique, but rery lias, 
eiainple of foot-prinls similar to those above referred to is preserved it 
the Geological SuciBty in a slab of Pttrbeck rock, 

• For a particular account of the Wealden strata in the south-east o( 
England, see the Geology of the South-east of England ; Fossils of Til- 
gale Forest ; Geological Excursions round the Isle of Wight, p. 19a,te.i 
and Pelrifftctiona and liiBu Teivctmip, 5. Itii. 
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the fluviatile or lacuBtrine character of the formation is main- 
tained; in the uppennoat and lowermost parts of the seriea on- 
ly are there any mtercalations of a marine or estuary nature. 
Although it is not within the scope of these lectures to 
enter upon details of stratification, it is necesBBry to point 
out the principal BubdiTisions of this extensive system of 
fresh-water and estuarine deposits, as developed in the South 
and South-east of England ; comprising Kent and Sussex, 
the Isle of Wight, and the Isle of Purbeck. 

r Stiff blue day, with argillnceous ironslonea, 
'^^'^i J and beds of slielly limealonB called SuMei, 
'■ [_ Peticorth, or Belhersdm marbU. 

- Sands an^l saiidtitoues. Jiorshain beds. 
Sandstone and gtit. Tilgate itone. 

Shellj limestone, sb^ea, sandstonea, and clay. 
AsAbutTJiam beds. 

Shales, shelly limestoneB, with chert, in the 
lower bcda. The palndinn-limestones of the 
upper pact of this series supply the Purbeck 
marble. At tlie base of the series is a fresh- 
water limestone [resting on the Portland 
f(Diie), with layers of vegetable niovtd, and 
trunks of trees in a verlicul position — the 
petrified foretl of Porllaiid. 

Buoh is the assemblage of deposits to which the term 
Wealden, first employed in this acceptation by Mr. Martin,* 
is geologically applied. Clays with layers of limestones al- 
most wholly composed of fresh-water univalves, or of small 
bivalves, with carapaces of minute crustaceans, form the 
upper series (Weald clay). Sand and sandstone, with bands 
of calciferous Bandatones, conglomerate, shales, with bands 
of argillaceous ironstone,t grit, and irregular interspersions 
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of lignite, together with sands, clays, iind argilloceoua Bhelly 
liuieatoaeB, compoae the middle group (Masting* iei). 
Another (the Purheck) series of ebaly days and shellj lime- 
stones succeed ; and buried ia the base of theae, is a petri- 
fied pine-foreat, with cycadeoua plants ; the trees still erect 
in the soil in which they grew ! And in nearly all these de- 
posits, bones of reptiles are more or leas abundant ; wtiilA 
in the upper part of the aeriea (or Wealden proper) the re- 
mains of the colossal terrestnal reptiles are not un&equcnt, 

The WeaJd clay and its limestones, &c., occupy the vaileya 
of the Weaiden districts that skirt the inner escarpmeQt« of 
the chaik-downfl in Surrey, Kent, and Susaer ; the upper 
portion of the Tilgate and Hastings group of aandj and 
sandstones constitutes tlie Forest Bidge of those counties; 
and its lower portion appears in the deep valleys in the 
east of Sussex, around Battle, Brightling, Burwash, and 
Ashburnham. 

The Purbeck atrata, the upper portion of which ia charafr 
teri/ed by thick beds of slielly limestone principally formed 
of one small species of paludina, appear on the coast of Do^ 
setshire, in the island, or more properly the peninsula, whose 

argillBcepiiB and arenaceoua Wealden deposila, were formerly the KWra 
of the principal iron-manufacturea of Ihia coanlry, the iron-work* irf 
Sussex especi&lly were in full activity in the time of Henry VUl. 
and Queen Elizabeth. (See Hist, it SuHBei, Dnllawnya and Honfield'!.) . 
The use of coal in Wales aad the north of England, and the acarclly of 
wood in ihe Wealden distrcia, occnaioned iha total decline of Ihe ifon- 
manufactures of the S. E. of England. The loil fur^ was worked u 
Pcnhurat. near Aahbumham. during the cammencemoat of tho pmcat 
century (1849). 

Indications of an iron-work of the Romaiu have been diacoveied bj 
Mr. Mark Anthony Lower, near Mareafield. The Hasting* sands sal 
cIbjb of the foreal ridge appear to have been the strata principally ws4» 
ed. There were iron-worka at Brcde. Battel, Ashhumbam, Mayfid4 
Burwash, Wadhiirst.ljambQrhurst, Buxled. Chiddingly, HeathHeld.Cui^ 
fieJd, Worth, Ifield, "VflgaWi to^am., w ■eKrii™**., ™. ** V>id«i rf 
Hampshire. 



F THE WEALDE.N. 387 

iitane they bear. TLese Purbeck deposits range along the 
Houthem shore of the lale of Purbeck, and their lowermost 
bede creBt the northern brow of the lale of Portland, over* 
lying the oolitic limestones of which that insular raasa of 
strata is chiefly composed. 

The Pm-beck beds alao occur in the vale of "Wardour, 
which Ib a valley of denudation in the Bouth of 'WOtahire, 
representing on a small scale that of the "WeaJden in the 
south-east of England. In this valley the varioua memben 
of the chalk-seriea occur in their regular order of superposi- 
tion, resting on clay and Purbeck limestone, and having the 
Portland-stone beneath* 

Near Hartwell and at Stone in Buekinghamahire, and 
Swindon t in Wiitahire, the oolite is capped by layers of 
freah-water and estuarine limestones and marls of the Pur- 
beck aeries. 

In France, on the coast of the Lower Boulonoais, and in 
the valley of Bray near Beauvaia, strata of a like chi^acter 
are observable, in which the Sussex marble (Jumachelle A 
paladineg) and a fern common in the Wealden \ have been 
jvered by M. Graves of Beauvaia. There can be no 

mbt that this formation originally extended over a much 
i for the Wealden deposits are extensively ei- 
Ppowd in northern GJennany, as will presently be noticed. 

• Dr. Fitton, " On the bedt lielota the Chalh;" Geological TransBC- 
', p. 424. Also Mr. Brodie's paper, Geol. Joura. vol. i. p. 475. 

+ For iho latest oliservationH oik Ibe inlerealinj section in the greftl 
Swindon quury, eee Kir. Austen's papei on the Farringdon diatricl, in 
die Qnarterly Journal of the Geol. Soc, vol. vi. p. 464. 

X The fera {Lottchopterit itanlelli) has also been fonnd in strata be- 
neath the greenumd, in Sveden, by Frofeaaor Neilson, who infomiod tne 
tluit several of the plants from Tilgate Forest were analogous to speci- 
nieiu be had collected in the hltle island of Bomholni, off the Danish 
coast. See also Adolphe BronKniir^'s " Obseivationa Bur lea Veg«UiUE 
foBSiles renfotmiB dans les gr6s de Hoer en Scanie ; Annaies des Sciences 
NatureUes, JSaS. 



If theae different localities exhibit parts of a continuoiiB ei- 
tent of fresh-water depoaita, aa is probably the case, the 
Weftlden. may be estimated as spreading over an area of 
more than 200 miles in length from west to east, and 220 
miles from north-west to south-east ; * an extent but hltle 
exceeding the delta t of the Ganges or of the Miaaiasippi, 
and surpassed by that of the Qnorra, which forms a aurfaoe 
of 25,000 square miles, an area equal to half the superflcijJ 
surface of England.^ The total thickneaa of the "Wealikn 
and Purbeck depoaita is estimated at 1350 feet ; whilst ibit 
of the delta of the Mississippi is said to exceed 600 feet. 

10. Wealden op the hoeth of Gekmany. — In the 
north of Grermany the Wealden formation haa been trnwJ 
by M. Homer \ and other obserrera over a considerable pert 
of Hanover, covering a large area to the north of the Port* 
Weatphalica, including the coal-field of Biickeburg, the 
coaly beda of which are faintly represented by the lignite dis- 
persed throughout some of our Wealden beds. Thtse 
Wealden deposits lie upon the oolite, and beneath the lower 
greensand , thus occupying the same geological position m 
their English equivalents ; the total thickueaa of the serie* 
is estimated at 800 feet. N'umerous characteristic ftHaib 

* See ftlao Mr. Austen's observationa on the extent of the WealdcD 
deposits, and the probable area occupied bjr the Wealden ealnaiT «t 
lagoon, Quarterly Geological Journal, vol. lii. p. 67. In the map accoiii- 
pauying his memoir, Mr. Austen defines this Weaideu area u the north' 
vestem eitremity of a narrow gulf or inlet of the Soutlieni NeocopuB 
or Lower Cretaceous sea. 

t Sea Lyell on Deltas, " Priaciples," 18S3, p. 354, ftc. 

1 Dr. Fitlon. 

i Venteinerunaen des Nord-deutschen Oolilhen-Gebirges ; by Pro- 
fessor Homer: HanoTBr, 1836. la this work Mr. Homer enumeraU* 
many fossils which distinguish the Ashbumham {Aah/nmUiaTn-ickicili). 
Hastings (Hatlingi-iandalein), Tiisale {Tilffat-Hein). and Weald-cUy 
(Waldcr-£hiM) deposila. Cv?tv4e«, ■?tiMSw>tt, ^■^iimt, C^oUdes, fte. 
are mentioned as fteYail'ms ftuoi^'i'i^ "^ ""'"" 
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occur throughout these strata; and even the principal auh- 
divisions of the Susaei group have been distinguished. 

A beautiful work on the Wealden of the north of Gier- 
many has been published by Dr. "Wilhclm Dunker, in which 
are numerous important additions to our knowledge of the 
fauna and flora of the country whence the Wealden deposits 
were derived. It contains figures and descriptions of nearly 
fifty plants, and of a still greater number of shells, several 
fishes, and two new reptiles ; the plants are chiefly ferns and 
cyeadete.' 

11. 'WEAinEir OF THE Isle of Wight. — Fresh-water 
deposits similar to those we have described in Kent, Sussei, 
and Surrey appear at the back, or along the southern shore, 
of the Isle of Wight ; constituting the lowermost strata in 
that island, as shown in the section, Li^ji. 85, p. 374. 
These strata consist of clays, sands, and saadBtones, nith 
bands of shelly limestones and grit ; and are replete with 
the same species of river-shells, terrestrial plants, and bones 
of reptiles, as those contained in the Wealden of the S. E. of 
England. They form a line of lovf cliffs in Sandown Bay, 
on the south-east of the island, and in the bay between 
Atherfield Point and Compton Bay, on the south-west.t 

The relative position of the strata ia shown in the an- 
nexed section, from the coast at Brook Point to the chalk- 
downs on the north. If we proceed from the sea-shore at 
Brook Chine, through the village of Brook, towards Shal- 
comb Down, we pass over the beds in the following order. 
1. Wealden clays, grits, &c., forming the cliff. 2. and 3. 
Irfiwer Greensand. 4. Qault. 5. Upper Greensand. 6. 
Chalk. 

■ Monographic der Nord-deulschen Wealdenhildung. Eln fleilrag 
zur Gcognosie und Nalurpscliithlfl der Vorwelt. Von Dr. Wilhelm 
Duoker. Brunswick, 1846. One vol. 4Io, vHh 21 plales. 

t The reader ia referred to my Geo\o6ical EncMTawrtWi lOoiA ^oft ^^^ 
of Wight, for poTticulkr inrormalion on these «MB.Uk Mi4 •^^t OT^»»a 
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Tlie Weftlden beds form the entire cliff fop several milea 
along this part of the coast ; but they may be Been dipping 
under the lowermoat sands of the cretaceouB formation, neat 
Compton Chine on the west of Brook Bay, and near Athe^ 
field Point on the eait. Most of the peeuliar fossils of th« 




Wealden have been obtained from these shores ; quantitiM 
of bones of enormous reptiles, fresh-water Bhells, and minute 
crustaceans in immense quantities, river-muBsels of la^ ^w, 
and ferns and cycadeous plants. But the most remarkable 
phenomenon at Brook Point is the occurrence, at the (iwt 
of the cliff, of a prostrate forest of petrified pine-trees. 

12. Fossil tbees oip the Wealdes, at Brook Pontr. 
—The cliff at Brook Point ia between thirty and forty feet 
high, and is capped by a thick bed of alluvial gravel and 
loam. It is composed of layers of clay and shale finely 
laminated, with thin seams and massea of lignite. The 
lower part of the cliff consists of beds of hard sandstone and ) 
grit, resting upon mottled clays and sands, which nra the ' 
lowermost Wealden strata in the island. The fossil treM 
are imbedded in the Bandstone, and protrude from the water- I 
worn edges of theTock, Ttt\ftTO.4Ms*.\*iSi.i^\.^awo*&»ort of ' 
buttress at the foot o! t^ie t\»fi>wrav% ■«!»*«&. ■«»»> •£AA^ 
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action which has carried away the upper and leas coherent 
depoaite ; the numerouB reefs that appenr off the shore at 
low water, and render thia coast ao dangerous to mariners, 
have alao originated from thia cause. 

The treea are lying confusedly one upon another. Thero 
ape no erect trunks, nor any other indicationa that the 
forest was submerged while growing in its native aoil, like 
that of the Isle of Portland ; on the contrary, the appear- 
ance both of the truEks in the sand-rock, and of those ex- 
posed to view by the removal of the materials in which they 
were originally imbedded, is that presented by the rafts of 
trees that float down the ^eat rivera of America ; as for 
example the Ohio and Misaiasippi. Such rafts entangle in 
their course the remains of animals and planta that may 
happen to he in the bed of the river, and at length aubaide 
and are ingulfed in silt and aand ; in like manner the fossil 
trees in this cliff are asaociated with river-shells ( Uniotieg) 
and bones of land-reptUea. The fossU forest at Brook Point 
is, in fact, a raft of pine-trees, which floated down the river 
that deposited the Wealden beds, and was submerged in its 
delta, blUTing with it bones of terrestrial animals, sLells of 
fresh-water mussels, Ac. 

The trees when lying in the sandstone are invariably 
covered with their bark, now in the atate of lignite ; it va- 
ries from one to three or four inches in thickness, according 
to the magnitude of the trunk. This carboniEed cortical 
investment is quickly removed on exposure to the action of 
the waves ; but the hgneous strocture, the woody fibre, re- 
mains. The trees are calcareous, not ailiceoua like those of 
Portland ; they are more or less traversed by pyrites, and 
the delicate veins and filaments of thia mineral which per- 
meate the woody fibre impart a beautiful appearance to 
polished specimens. The trunks are generally of consider- 
able magnitude, being from one to tktee les^ "^si &sasisMst', 
Bome are of suci a size as to indicate Bi,\i^\^^' o*^ vseo^ *s 



89Z THE WONDERS OF OEOLOcr. Ub.IT. 

fifty feet -when entire. In the converaioTi of the bark into 
lignite, and in the amooth condition of the trunks, the tiw« 
of this fosail forest present a remarkable diaaimilarity from 
those of the laSe of Portland, which we shall presentlj ei- 
amine ; for in the latter the carbonized bark rarely, if e»r, 
occurs, and the surface of the stemB is simUar to that ei- 
hibited by the trunks of old decorticated trees, that hire 
been much weathered by alternate exposure to air and moi* 
tore. At Brook Point, on the other hand, the trees appew 
to have been ingulfed when fresh and vigorous, with theit 
bark alid veesela full of sap. The annular lines of growth 
are often very distinct, and 1 have traced ftom thirty M 
forty on some of the stems ; but these circles are uneqoal, 
and indicate therefore a variation from year to year in tlie 
climate of the country in which they grew. The wood ei- 
hibits, under the microscope, the coniferous structure seen 
in the Araucaria (Norfolk Island Pine), the rows of glands 
or ducts being placed alternately ; and the appearance il 
similar to that of the fossil wood of Willingdon in Suflsei.* 
Obscure traces of the foliage of these trees, and seyeral spe- 
cimens of cones, in the state of pyrites, and evidently auo- 
ciated with the trees of the fossil forest of Brook Point, havs 
been met with.t In the strata that overUe the fossil forest, 
thin interrupted seams and irregular maaaes of lignite, more 
or leas impregnated with and permeated by iron-pyrites, are 
very abundant. 

13. Wealdsij or the Islb of Pubbbck. — The Wealden 
deposits are next seen in the Isle of Purbeck, the soutb- 
eaatem part of Dorsetshire, which is distant about fifteen 
miies across the Channel, from the western extremity of 
the Isle of "Wight. This island or peninsula is an irregular 
oval area, between thirteen and fourteen miles in length, 

• MedalsofCrealion, vol. i. p. 17.3. 

t ExcuiMona lound tbe \s\e ol Nli^i, ■^, "StT -, uiii'>h«U&.^<il. i. 
p. 176, 
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ind sBTen in average breadth from north to south. It con- 
lista of cretaceous, AVealden, Purbeck, and oolitic Btrata, 
rhich occur in their natural order of Buceession, but 
bigbly inclined, in the section eiposed 
«i a i^ Swaoage and Durlstone Bays, on the 

-j I east of the island.* In this line of 

i .. I toast the geological structure of the Isle 
41 I "'' Piubeckia clearly displayed. 
4 M • Id Studland Bay, which iB to the 
I ji north of Swauage, the white chalk is 
■ B seen to emerge frovi beneatb the eocene 
g I strata, and form the cliffs ; rising up 
. f I into the range of downs that traversea 
« g " the island from the east to the south- 
i 3 ^ I western shore. The curious flexures pro- 
3 § :! g duced on the beds of chalk and flint by 
the eievatioDS to which they have been 
subjected are remarkably distinct at 
^ i ^ Ilandfaat Point. The lower divisions of 
" « I the chalk, dipping at a considerable 
3 a I angle to the north, next appear, and are 
J « followed by the Wealden clays, sands, 
s S &c. which stretch along Swanage Bay, 
. i " towards the elevated ridge of Purbeck 
« K I strata, on the south of the little town of 
I E ° Swanage. In Durlstone Bay a fine sec- 
I f .ri tion of the Purbeck beds is eiposed ; t 
^ I and at the estreiue point, just beyond 
^1 I Durlstone Head, the Portland oolitic 
I E s limestone appears. Purbeck haa long 

I t £■ been celebrated for Its q^uarries, which 

^ " hare been worked from time immemo- 

rial, and particularly during the middle 

• GeoJigjofWie/s/aorWight, p. 252. 
1* A aecu'oDa/ //st of tie beds exposed in Ac cWRa ot W\?.'ftviVwi\"i'« 
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Bgea ; the compact varietieB of the limestone, which t^e i 
good poliah, having, vinder the name of Purbeck mwtile. 
beea in great request for the religious edifices of that period ; 
and there is scarcely a cathedral or ancient church in Eng- 
land that does not contain columns, sepulchral mommieDti, 
or pavements, of this material. This marble (Ziyji. 102} 
is a congeries of small river-anail-shella, intermiied irilk 
the crustaceouB cases of minute cyprid». 

The Purheck beds were diligently studied by the \iM 
Prof. E. Forbes, and an outline of his views was pubiiahei! in 
the New Edinburgh Journal." The most correct detailed 
list of the strata of this series accompanies the BeT, 0, 
Fisher's Memoir on the Purheck Strata.f The upper Pui- 
becke (about 20 feet thick) contain Cypria-shales, Marble- 
bands, and Unio-beds ; the Middle Purbecks (about 160 feel) 
have, 1. Shelly-beds, 2. Corbula-beds ; 8. Pecteo-beds; 4- 
Turtle-beds; 5. Cinder or Oyster-hand; 6. Chert-beds, with 
Cypridte, Planorbis, Cyclas, bones of turtles, fish, crocodile, 
and the little reptilian Nuthetes destructor J ; 7. Marly beds, 
containing Unio and other fresh-water shells, and compris- 
ing a thin bed in which MM, Brodie and Beckles have dis- 
covered numerous remains of reptiles and mammals of smalt 
size.§ The reptiles are Macellodua Brodiei and Saurilliu 
ohtitsus i the mammals are Spalacoiherium, Plagiaidax, Tri- 
conodon, and others. All these quadrupeds were of small 
size, and probably insectivorous in their habits. The Lower 
Purbecks (about 160 feet thicker) are chiefly composed of 
marls and limestones, veiy often rich in insects, and con- 
taining bere and there Serpul<B, Ceriihia, Cardia, and £nlo- 
pubtished by the Rev, Mr. Auslen, inaliKle pampUet entitled A Giud^u 
the Geology of Purbeck, Ac. 1852. 

' See also Lyell's Mannar of Gaology, 1855, p. 294, &c. 

t Transact, CambridgB Phil. Soc vol. ix. 1855. 

t Quart. Jaum. GeoV. %ac. tiA. *&. *(. Vm. 

J Ibid. p. 422 ; fta4PTOct«ii.toftt.Mt'n.,'\-WiT- \-i^*-»., 
picment, 1857. 
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■moetraca, underlaid by beds often made up of Cyprida, 
associated with Talvata, Limntea, remains of small fishes, 
and vegetable fragments.* The " Portland dirt-bed " is in- 
tercalated in the lower part of tbis division, 

14. Coves in the bouth-west op tub Isle of Pua- 
SKCK. — On the aouth-weat coast of the IbIb of Purbeek, the 
range of vertical cbalk-Btrata, the eastern extremity of which 
forms the high eliffa at Handfaat Point {Liffn. 88), reappears 
in several coves or inland recesses, which have been formed 
by the inroads of the sea ; no less than nine sectionB of the 
strata, from the chalk to the oolite inclusive, being exposed 
along this coast, within a distance of five mDes.t The sub- 
joined diagram (^Lign. 89) will explain the geological struc- 
ture of these bays. 




The northern barrier of the coves consists of precipitous 
chalk-cliffa ; the entrance is formed by rocks of Portland 

* This portion of the series is best studied in the gectiona at Ridgway, 
both on tha railway and in the neighbouring quarriea. A list of ths 
strata, as seen at Kldgway, forms purl of Mr, ELih£I'ataI:,^&«IA^1!»a^^ 
taemoir abovo refened to. 
t Geol. Exc. late of Wight, p. 266. 
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and Purbeck limestone ; and between 

= them 18 a, low tract compoaed of the le«8 

& durable Wedden etrata. Tbeaebajsei- 

pose, in fact, tranererse sections of the 

range of hills formed by the Portiand 

and Purbeck beds, and of the cliya, 

i aaads, Ac. of tiie Wealden, and, at theit 

C back, precipices of great height, pro- 

S duced bj the destnirtion of the aouth- 

* em face of the vertical cb&lk of the 

5 Downs.* 

= TliuB, within the distance of six or 
g BCTen hundred yards, we may examine 
I the entire series of strata from the chalk 
J, to the Portland oohte, by proceeding 
" from the inland cliffs to the southera 
^ extremity of the bays ; the section of 
s the east side of Lulwortb Cove {Zigit- 
^ 90) shows the relative position of tiie 
i formations. 

I 15. The Isle ot Pobtland. — The 
island, or peuinaula, of Portland is i 
bold headland, off Weymouth, about 
four miles and a half in length, two 
breadth, and 300 feet high ; it 
to the mainland by a bank of shin^ 
I caUed the ChesD Beach. PortliaiJ' 
presents on the north a precipitoM »■ 
carpment ; and, declining towards the 
approaching it Irom the east or west, His 




ixcell«at sectioii of the WcsJden and Purlieck beda is also H 
by the rail wny -cutting throQgli Ihfl Bidgway Hill between E 

Wejmomh. See Mr. Wealon's deacriptiona of 
Joum. GboL Soc.to\. Ki. ?,1.\i,1«>,«AiaV.-«ui. n. llOjl 
.Fsabei'a paper in ttie CamWvi^e TtmawiusflaA'iSi'i. 



an insulated inclined plane, riaing abruptly from the bcr. 
The southern eitremity ia flanked by low caJcareoua cliffs, 
wtich, from the conataat action of the aea, are worn into 
hollows and caverns. The base of the island ia formed of a 
blue clay (^Kimmeridge day), surmounted by beds of Band 
{Portland gand) ; and on these are euperimposed thick strata 
of the oolitic limestone, known as the Portland stone, which 
ia estensively quarried in the northern brow of the ia- 
luid. 

The strata dip to the south at an angle which corresponds 
with the profile of the island. The coasts are steep, the 
base of Kimmeridge clay forming a talua, aurmounted by 
perpendicular crags of oolite. The aouthem extremity con- 
sists of low oolitic limestone eliffa, which are worn into nu- 
merous caverns by the force of tlie wotcs. 

The northern brow of the island, to a depth of upwards 
of twenty feet, ia formed of finely laminated freah-water 
limestone, locally termed " The Gap," which belonga to the 
Purbeck series, and is superimposed on the uppermoat bed 
of oolite. The Kimmeridge clay, which is the lowest visible 
deposit in the ialand, containa the usual marine shells, &c. 
that prevail in thia bed in the Isle of Purbeck • and other 
parts of England. The oolitic limestone, which lies immedi- 
ately upon the aand overlying the clay, contains nodules and 
veins of flint and chert. It abonnda with remains of marine 
shell-fiah, peculiar to the oolite ; and its upper portion, to 
within twenty feet of the auriiwe, consists of the tine archi- 
tfectural stone which is locally termed the white-bed. Upon 
this is a stratmn, three or four feet thick, of Umestone, fnll 
of cavities left by the decomposition of numerous sbeDs, of 
which the casta only remain (chiefly Terebra, Trigonia, and 
Cttrdium) ; and above is an irregular layer of flint-nodules. 
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above {Lign. 91, 4.3,). Ae the Portland building-stoae Uh 
beneath the fresh-water Btrata, which are but little employed 
for economical purposes, the petrified trees are removed, 
and thrown by aa rubbish. On ooe of my visits to the 
island (in the summer of 1832), the surface of a large a«s 
of the Dirt-hed was cleared, preparatory t-o its removal, and 
the appearance presented was most striking. The floor of 
the q^uarry was literally strewn with fossil wood, and be- 
fore me was a petrified forest, the trees and the plant*, like 
the inhabitants of the city in Ambiau story, being con- 
Terted into stone, yet still remaining in the places which 
they occupied when alive ! Some of the trunts were aiu^ 
rounded by a conical mound of calcareous earth, which had 
evidently, when in the state of mud, accumulated round thf 
stems and roots. The upright trunks were generally a ftw 
feet apart, aud but three or four feet high ; their summits 
were broken and splintered, as if they bad been snapped 
or wrenched off by a hurricane at a short distance from the 
ground. Some were two teet in diameter, and the uciied 
fragments of one of the prostrate trunks indicated a totsl 
length of from 30 to 40 feet ; in many specimens portioni 
of the branches remained attached to the stem. In the 
Dirl-betl, there were numerous trunks lying prostrate, and 
fragments of branches. 

The eiternal surface of all the trees I examined wu 
weather-worn, and resembled that of posts and timbera of 
groins or piers within reach of the tides, and subjected to 
the alternate influence of the water and atmosphere ; then 
are but seldom any vestiges of the bark. 

17. Fossil CycADEii: — Mantellia. — The fossil plaoti 
related to the recent Zoinw,* a genus of the CyeadeiB faaul/j 

■ These plBjiLs are so common in consomtoriea that ihi-ir gtiiitnJ 
appearance muat be ramiliai to Ibe reader. In llie botanic gardeni •> 
Kew, tliere are msgnificent s^ecuncna qI T-kvovi wA t-ito*. muI ollwr 
plwla of hot cllmatca, toTmaie\aveiV')'«tiui'awnMtvQ'CQfe'«BW«»- 
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oeeor in the intervals between the piae-treea ; and the dirt- 
bed is 80 little consolidated, that I dug up with a spade, as 
from a parterre, several specimens that were standing on 
the yery spot where they originally grew, having, lilie the 
columns of the Temple at PuzKuoli (p, 106), preserved their 




original erect position amidst all the revolutions which have 
aubaequentlj swept over the aurface of the earth, and buried 
them beneath the accumulated detritus of innumerable ages. 
These fossil plants belong to the family of Cjcadaceaj, and, 
though allied to Zamia, belong to a diatinct genus.* There 
are two speciea ; one is short and of a spheroidal form (J^. 

' Kamed Cycadteidca by Dr. Buckland, ani Mantellia't.-i'W.- K^«.^-^m. 
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mdifortnit, Lign. 92) ; tbe other is longer and subcjlindrical 
{M. eyliadriea* or microphylla). 

The trees and plants nre completely ailicified. Theirift-. 
ternal stracture is beautifully preserred in mmiy eiamplesi' 
the wood of the trees, Tnicroscopically eiamined, diaplajl 
the organization of the Arauearia. A cone has been foond 
in the Dirt-bed, which Dr. Brovm considers to be neariy 
related to the fniit of the Norfolk Island pine {Araimant 
excehd). The Portland and Isle of Wight fossil trees ap- 
pear to belong to the satne dpecies of conifers;. 




18. EiTEUT ov THE DiBT-KED. — The Dirt-bed extendi 
throughout the northern coast of the lale of Portlund.t and 
iippears on the coast of Purbeck under circumatances of 
peculiar iaterest. In the highly inclined strata of the cliff 
about a furlong to the east of Lulworth Cove a considerable 
number -igfiu^t rifled trees are exposed under similar con- 
ditions u*ithltl)ioae of the Portland quarries. The lowermORt 
strata {Lign.\^^, s) are the Portland oolitic limestones, full 
of marittS isbfelli; upon these is the DirUbod with foBwl 
" Specimens ot the former species are cailed " Crotoj" nt»tt " hj llM 
clTinriymen ; irlto b«li^o Oiem to be birds' ncsW, orieinBlly built bj cro«i 
J.'i [he pine-lrfe*, bol.>i\ai\iiS since \KcfimcyArA.KA. 

w.i/ Hill, bcyoTiil Wcymo«\\iMi4^o'f-^ei\»T. 
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trees ( 2 ) ; this is covered hj cream-coloured calcareous 
stone in thin luidulated laminsB, locally termed " sqft-hurr,** 
and above are shales and thin bands of limestone ( 1 ), be- 
longing to the lower series of the Purbeck. 

The Dirt-bed has been discovered by Dr. Buckland near 
Thame in Oxfordshire ; and by Dr. Fitton in the Vale of 
Wardour. It also occurs at Swindon in Wiltshire on the 
top of the Portland oolite, where fossil coniferous wood is 
found in abundance, and where a few examples of Mantellia 
have been obtained. Between 8tone and Hartwell in Buck- 
ingbamshire, a seam of carbonaceous earth occupies the geo- 
logical position of the Portland Dirt-bed, and is covered by 
cream-coloured marls and limestones resembling the Cap, in 
which wings of insects and leaflets of Wealden ferns, with 
remains of very small fishes and bones of turtles, have been 
discovered.* 

From what has been stated it is evident, that after the 
marine strata now forming the base of the Isle of Portland 
were deposited at the bottom of a deep sea, and had become 
consolidated, the bed of that ocean was elevated above the 
level of the waters, and constituted a coast, an island, or an 
archipelago, covered with pine-forests and cycadeous plants. 
How long this new country existed cannot be ascertained ; 
but that it flourished for a considerable period is certain, 
from the number and magnitude of the petrified trees.f 

* See History of Fossil Insects in the Secondary Rocks of England, 
by the Rev. P. B. Brodie. 

f Modern submerged Forest. — An interesting modem example of the 
subsidence of a considerable tract of country clothed with forests, the 
trees remaining erect, although submerged beneath a river Mrhich still 
flows over them, is described by an American writer, and will serve to 
illustrate the remarks in the text. The whole district, from the Rocky 
Mountains on the east to the Pacific Ocean on the west, and from Queen 
Charlotte's Island on the north to California on the south, presents cue 
vast tract of volcanic formation. Basalt — ^both. ^ioVMXKWKt «cA. >^ ^sast" 
phous masses, veins and dykes — every'wbeT© occvv», «!bSl<J?w^W^^ 
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19. Organic bemiinb in the Weaiden. — The foBsls «i 
the Weaiden and Purbeck conBiBt of leaves, stems, and 
braucheB of plants, apparently of a tropical character, reli« 
of little inHeetivorous mammalB, bones of terreBtrial reptiks, 
Bome of enormouB bulk, aome of dwarfish aiae, — ail belong- 
ing to eitinct genera,— and of turtles, flying reptiles, »nd ' 
birds, remains of fishes of several genera and species, some 
inariDQ shells, and numerous iiesh-water and estuarine shelle 
and minute cruBtaceana.* 

The bones are often broken and rolled, as if they hsd 
been transported from a distance, but sometimes the bone* 
of a skeleton are found in an almost perfect state of pre*erv- J 
ation. They are more or less impregnated with iron, ind 
commonly of a dark-brown colour. Those in loose sand «nd 
sandstone are often porous and friable ; those in the Tilgaic 
grit, heavy, brittle, and with the internal structure well pre- 
served ; in fractured portions imbedded in the limestone, iW 
interstices are filled with white calcareous spar, and the can- 
linct TulcBiios are still visible. EleTQlians and dislocalians of tbc itnii 
haia taken place on an imnienSB scale ; and anccessive beds of buill. 
amygdaloidal trap, and brecoia prove the alternation of igneoui artinD 
and perioda of repose. Within B few mites of the cascades of (he riwi 
Columbia, and extending foi a distance upwards of twenty milci, ttri* 
are Been standing in Iheir natural position, in a depth of water kea 
twenty to thirty feet. The tree.? reach to high- or fresh-ivawr muk. 
which is fifteen feet above the lonest level of the tide; but thej do not 
project beyond the frcahel-riBe, abova which their lops are decayed mi 
^ne. In many places the trees are so numerous, that " we had to pieli 
our way with the canoe, aa Ihrnngh a forest. The water of the river wu 
so clear, that the position of the trees could be distinctly seen dnwo » 
their spreading roots, and they are standing as in their natural stale, be- 
fore the country had become submerged. Their undisturbed posiliai 
proves that the subsidence must have taken place in a tranquil manoH." 
— Journal of an Exploring Tour beyond lAa Rockt/ Mtmntaini, by Iht 
Hev, Samuel Parker, A. M. New York. 1838. 

• The little EnlomoaWuiR ot ■Cat'^ Miien.VB.it >«BB.(iilherto lefeini J 
lo the freah-watet Cyv™'. '^''^^ ^' 
liiorei and inhabilan^a it WacWuJo. ■«"' 
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cellated atnicture of the bones ia frequently permeated by 
the same aubstunce. 

The foBBii vegetables occur either bituminized or in the 
state of aandstone-casta ; carbonized leaves and twiga are 
abundant in some of the strata, and the stems and branohea 
are sometimes eilicified. 

The sheUa in the clays have undergone but little change, 
and in many examples, the epidermis and even ligament are 
preserved ; in the hmestones, the substance of the shells is 
eonverted into spathose carbonate of lime ; in the sand- 
stones, easts of the interior of the sheUs are often the only 
vestiges. With these general remarks, I pasa to the con- 
sideration of the fauna and flora of the Wealden epoch. 

20. Fossil VI1QETABLE3. — From the abundance of car- 
bonized vegetable temaina in many of the laminated shales 
and clays, and the occurrence of lignite, or brown-coal, in 
masses and layers, which sometimes alternate with shales 
abounding in freah-water bivalves, a striking analogy ia pre- 
aented to aome of. the divisions of the Coal-measures ; hut 
there are no beds of coal of any economical value in the 
English Wealden.* In Hanover, however, this formation 
contauaa an extensive coal-fleld,t which fumishea useful fuel. 

But notwithstanding the prevalence of vegetable matter 
in the strata, specimens eshibiting the internal structure of 
the plants, with any tolerable distinctness, are very rare. 

Urns. — Some strata are so full of minut-e portiona of 
carbonaceous matter,^ aa to preaent a dark mottled colour ; 
and, upon esamining the imbedded particles, they prove to 
be the detritus of plants, probably ground to pieces by agi- 
tation in water loaded with sand and mud. These fragment- 
ary remains have been principally derived from two estinct 

• See Geology of the South-Easl of England, p. xviii,, and Foaails of 
ihfl Sonth Downs, p. 35, for an account of an unau.cceast'il «\*i fe« tj»Jv 
al BeibiB. 
/ TJiia coal is composed of laaaaes of b"iUimiii\ie4 ?ii-\eivea. 
; Foas/7fl ofTilgale Forest, Plate 3, Jig. 6. 






species of ferns, which are com- 
mon in the Wealden. The ouc i-^ 
charaL-teriEed by its slender aui 
minutely divided wedge-shajjid 
leaHetii {Sphenopferig ManleUi. 
£ij«. 94) ; theotherbythel'jii- 
pinnated It-aveH and by the r(;ii- 
culated secondary veins or nei- 
vures that spring from the mid- 
rib of the leaf-letB (^Lonckopterr- 
Mantelli, iiyn. 95). This plant 
baa also been found fosail iu tin* 
val!t!y of Bray (p. 228), by ^[, 
Graves of Beauvais, and in Swe- 
den, in strata the age of whkh 
has not been determined. Thf 
Lonchopteria likewise occura iu 
the lower greensand atrata, at 
AtherSeld and Shanklin Chine in 




the lele of Wight. 




9 Grsl noticed in ftvw ^co\oi6uhJ -ifUftVCvMvNii >\i. 

L Exc. IsU of VJigiii,?. vsa,- 




». rosaiL PLANTS OF the wealden. W 

These fems probably did not attain a considerable mag- 
nitude- The largest etem of the 
Sphenoplerin 1 havu seen, probably 
belonged to a plant about fivu or 
six I'eot high. Several other species 
of ferns are asBociateil with thew 
remains; but the two plants above- 
named constitute by far the great- 
est proportion of the fossil vegeta- 
bles of the IHlgate stone. There is 
also another fern, in which the parts 
of fructiG.catioDaresoinetinies beau- 
tiiully preserved (Liffii. 9G) ; the 
mime species has been found in the 
Wealden of the north of Gtermaiiy.* 
Obscure indications of other species 
uf ferns occur in our "Wealden days, 
lu the German deposits Dr. Dun- 
liCT has discovered upwards of 
twenty Bpecies.t 

Other pJant-remaing. — The Htems 

of a species of Equisetura (Mare'n 

tail) abound in the limestone-band 

at Pounceford-t lietnains of the 

foliage of trees allied to the Cy- 

^f^" press a.nd Juniper have been found 

H'"'^- at Hastings and Heathfield.§ One 

"-*"J or more species of Chara aluo occur 

FiKi- TbiMpi=i,=L«iM»Di»Bi. in the Wealden and Purbeck. 

"^"a^""""'™"''"'""'' ^^' Ctcadeous Plasts. — Leaves 

of cycadeouB plants have been met 

with in the ironstone at HeathSeld, Sussex, and an elegant 

* HoTiDgraphie der Nord-denlsdien Wealdeabildung, PI. Ttl. fif 

f Ibid. f. 38. 

J aie(?»i<orc/ea[ion,tol.i.p. 10&. ^YoA.^ 
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leal' of Pterophyllum Brongniarti was obtained eeveral years 
ago from a eaudetone^uarry in Surrey ; and Mr. Beekles'a 
tollection is ricli in fine leaves from the Hastings shales auii 
Bauds. Dusker has figured ajid described twelve speL'iu 
from the Wealdeu of IJorth OermaDy. The Manleltia of 
Purbeck have been already described, p. 401. Conee of » 
Zam.ia-Uke plant,* with fossil wood, have been found il 
Sftudown Bay associated with bones of Iguanodon. 

EndogenileB erOKO-i — In the strata of Tilgate Forest, in 
the sands of Hastinga, and in the clays of Germany ,J nanr 
spetimens of the stems of a very curious plant, formerly sup- 
posed to be related to the Euphorbia, or Cacti, have been 
discovered. These stems are of various forms ; some tn 
subcylindrical and tapering at both ends ; others ore flat- 
tened and of a clavate shape. The constituent substance w 
a grey, compact, sub crystalline sandstone, and the eiternal 
surface of the stems is traversed by fine meandering grooves 
and deep tubular furrows, lined with minute quartz-crystalit 
a transverse section exhibits the surface covered by small 
pores and a few large openings, the sections of the tabes- 
In a specimen which I picked up on the beach at ^ook 
Point, bundles of vascular tissue are preserved ; these m 
disposed in a flexuous zone round the margin of the Btem. 
Judging from its structure, Dr. B. Brown thinks that this 
peculiar plant may have some alHaneeB with the Cycade«,§ 
22. CLA.THBAKIA Ltei.i.ii (ZiyBs. 98, 99), — The most in- 
teresting plant belonging to tliis tribe of gymnogens, of which 
any vestiges have been found in the Wealden, is that first 
discovered by me in Sussex, and described under the nauis 
ot Clathraria Lyellii.\ 

• ZBinioutrobus crassus ; Medals of Creation, vol. i. p. ISS. 

+ FoasIlB of TilBale Foreal. PI. HI, III*. 

I Men. Nurd. Weald. PI. 111. 

j See Geology of Hie Ma oS'MiftVv,^, aw, 

(I Foaaila of THeaw ■FoteB*„?\.^. W. KaiWV. «A.^i«3^o^^^-s*. 
S. E. of England, Vl. \. 
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The fossil remains cousiHt of portions of the Htem, scored 
by the imprints let^ hy the attachment of the petioles, also 
leaf-stalks, the interoal axis, and obscure indications of the 
fdliags and seeds.* The stem is composed of an axis, having 
the surface covered with reticulated tihres, and of a false 
bark, produced by the union of the consolidated bases of the 
petioles, the insertions of which are rliomboidal and trans- 
verse. The eitemal surface is, in consequence, marked with 
lozenge-shaped elevated scars, separated from each other 
by lateral depressions, surrounded by a parallel baud of a 
tibrouB structure (see Xijrn. 97). This outer portion is some- 
times consolidiited into a compact cylinder of stone, which 
will separate from the central 
BxtB.t The latter is solid, and 
strongly marked eit«rnally 
with reticulated interrupted 
ridges. Tiiis surface has gene- 
rally patches of TaBcular tis- 
ane adhering to it; and on 
some parts of the internal 
axis there are deep pits, indi- 
cating IflcuotB which probably 
contained a resinous secretion, 
as in the Dragon-blood plant. 
Ina water-worn specimen col- 
uos. aT— poRims OF THE BTfu OF lected from the beach at 
cuTBa-M^iiMJK^rt^i'B^Bnooi ii.v. gj.(jQ]j pofut (Xiyn. 97), the 
internal structure, seen in 
tbin transverse sections, resembles that of the Cycadaceffl. 

The mfist instructive eiample hitherto known was obtain- 
ed irom the upper greensand at Bonchurch in the Isle of 
Wight.J It consists of the summit of the stem garnished 

■ Medals of Creation, vol. L p. 159. 
t Fossils of Tilgate PoibbI, PWte U. 
} Geology of ihe Isle of WigU, p. 'IVb- 





■-"■"■ I 



with persistent petioles, as shov 
Lign. 98. The 



upper part ii 



I the annexed Ggmv, 
aches in length ; the 
i broken, and expna 




the internal mis in its natural positioa (a), surrounded by 
the false barV, formei \>^ ftift co-tiwitAnSiaon. eS. *« \is«bs of 
the ]eaf-8talka. THe a\iiiB*» o^ *>» 'vo^^ -^trfmBQ. A ss* 



CLATHEAHIA LYELLII. 411 

) tare, and scored with the lattice-lilie cicatrices, 
whence the name, Olaihraria,* is derived; but tbe upper 
paj^, to the exteut of lOJ inches, is covered by the petioles, 
Bome of which are abortive, being entire and rounded above ; 
while others have their emnmits marked with vaaeular pits, 
disposed with great regularity, as shown in Lii/n. 99, o ; 
these indicate the former attachment of leaves, that were 
shed naturally. Similar characters are observable in the pe- 
tioles of the recent Zarai* ; t the presence of this character- 
istic plant of the Wealden bo high up in the chalk-formation 
is in accordance with the occurrence of bones of the Iguauo- 
don in the lower greensand of Eent, which we shall notice 
hereafter, and of Macvopoma in the Purbeek and the Chalk. 
In the strata of Tilgate Forest, the Clathrariie are inva- 
riably associated with water- 
'^ ^^^ worn bonea of reptiles, pebbles, 

S^^^ ^R^B gravel, and other drift; and are 

^H^g^ | iP W often imbedded in the congio- 
^^K^fMtKB merate which is found in some 
^^^ ^^^^ parts of the Wealden. They 
appear to havo floated down 
the river with the carcasses of 
^ LitLuii /ron. >i. ii» flf 1*. thc rcptiles, and at length to 
'^'""■■*"™'^"""- have sunk to the bottom, and 

■■.^!Tl;;r^^«''ll.«C become imbedded in the mud 

Icfl OB Ik. •immll tr UiB lepinUon j^f jjjg ^^[g ^nd lagooUS. 

A cluster of petioles belong- 
ing to a large plant of the Ciathraria has also been discover- 
ed in the lower greenaand near Maidstone; in the same 

• From Clalhrura, a lattice. 

t In a Hourialiin J old plant of tha EncepSoiflrtita yun^en* from South 
A&ica, In the botanic gardens at Kew, ail the lower part of the stem, 
beneath the coronet of foliage, is covered with persistent petioles ; those 
wbicb Aare heme lesMet have vaaculai ^lils oti l.\i«. aM.imtii.\,Vi'.'"i» w*«- 
tree peiioles are eniaolb and entire at Ihe a^ ux.. 
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quarry of Keatiah-rag in which were found, Bome jeare 
since, a considerable portion of the ekeleton of an Iguimo- 
don, ttsaociated with drifted coniferous wood and other 
vegetable remaina. I have collected a few detat^hed petii>- 
elee of Clathraria trom the challi and chalk-marl, near 
Lewes. 

23. Feuith of CoNiFEEiE. — The seed-veaaela of seTertI 
coniferous trees and plants have been discovered in tin 




»f ClaUi™ri. tfUUL) t tM 



Wealdcn, but under circumstaucea which render it inipo»- 
aible to determine whether they belong to the Bome species 
as the stems and leaves that occur with them. Several couea 

• Fip, 2, 3, 4, ate ledutei <mo-\ia\llnio>'e'Wu6'SX.\\.«^-tt^,^,a«^* 
Memoirj Geolog. Trans. ^lul&ot.'"^- ^'<' 
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of a species of Zamiostrotius were found with bones of the 
I guano don in San down Baj.* 

A considerahle numher of amall ovai nuts or earpolithoB 
{Lifftt. 100,j7^, 1) have been obtained from theTilgate grit; 
those are considered by M. Adolph Brongniart as probably 
belonging to the Clathraria. 

The fossil fruits or conea figured in Ligtt. 100, Ji^s. 2, 3,4, 
are evidently referable to different kinds of coniferous trees. 
The specimen from Susseij Jiff. 4, is remarkable for the 
double prominences on the scales. The cones from the 
lignite-beda at Brook Cliff, and which may possibly be the 
fruits of the pine-trees of the fossil forest in that locality, 
have been already noticed (p. 392) : a eone resembling that 
of the Norfolk Ishmd Pine has been found in the Purbcck 
dirt^bed at Portland (Xtjn. 100,/y. 2), 

Pour small cai'polithes, and leaves of nine or ten (sup- 
posed) species of cycadeons plants, are described and figured 
by Dr. Dunker, from the "Wealden of Germany. t 

24. UKiTAiVB SHELLS OT THE WEiXnEN. — The durable 
remains of molluscous animals are most abundant ; thick 
beds of Kmestone, spread over wide areas, and chiefly com- 
posed of but three or four species of bivalves and univalves, 
being a eoaatant character of this group of deposits. The 
prevalent shells belong to a few common fresh-water forms, 
as Paludina, Gyrena, JJnio, and Anodon ; three or four other 
fluviatile, and an equal number of marine genera^ the latter 
being Tery sparingly distributed, make up the conchology of 
the Wealden. Of the Ci/rena, a fresh-water or estimrine 
bivalve allied to the Gyclas, which we have already noticed 
as abounding in certain tertiary strata, upwards of eight 
species have been determined ; of the Vnio, a well-known 
fluviatile mussel, ten ; of the Anodon, another c 



• One of these coues (under the name oE Zttmilet ctissils^ \* 
n Medals eC Creation, vnl. i. p. 156. 
f Mon. Nord. Wcaid. PI. II. IV. VU. t?. ^6,'!.^- 
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water mussel, there are eevera! undeacribed fonuB : and «t 
the river-Buaila, the FaluiliniB, about four species. It i» 
worthy of remark, that of the common lacustrine Hiail, the 
LimniEa, bo abundant in the freah-water tertiary beds of tbe 
lile of Wight, but two Wealden species are known ; and of 
the Planorbis, its constant associate in those deposits, and 
in oiir ponds and lakes, one or two only have been detected.* 
The Physa, another of the air-breathing Iresh-water snaiL is 
represented by one species (Phj/ia Jirietovii) in the Pur- 
beck beds. The conchological fauna of the Wealden is, in 
fact, mainly fluviatile. In the Weald-clay there are a fto 
oysters, and in some parts of the lower Purbeck beds bjera 
of oysters and of corbuliB occur ; and occasionally a stray ma- 
rine shell is found in the fresh-water sediments ; and in the 
upper part of the Wealden at Punfield Bay, Swanage, a bed 
of marine shells (discovered by Mr. Austen) is intercalatei 

The several bands of marine shells bear evidence to the 
temporary influx of the sea into the old lagoon or high up 
the Wealden estuary, especially during the early or Purbeck 
period. But the last-mentioned inariue intercalation (tltat 
seen at Pimfield), corresponding to the more numerous anii 
similar bands in the Wealden near Beauvais in France, in- 
dicates that oaciUationa of the land aUowed the sea to copie 
up over the estuarine deposits for limited periods before it 
gained permanent dominion over the sinking Wealden dis- 
trict, and covered it with the thick beds of greeosaods and 
ehalk. 

Tlie most abundant shells of the fresh-water moUuflca are 
the Fahidin^, of which the Sussei and Purbeck marbles are 
almost wholly made up : the former limestone differing from 
tbe latter, chiefly in the smallness of the shells of which it 
ia composed. 

The Susses marble is a congeries chiefly of Paludina JJti- 

• Men. Nord, 'WctiW.PV. X. ftgs. \,-l, Piomm-w. ^i^v.i, «a lim- 
nta Bennei, or Dr. DuokeT. 
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vionim and P. SuMexiensU. In the coarse Tarieties of this 
stone, the shells are decomposed, and the instersticea left 
ty their removal filled up with calcareous clay ; but in 
■the compact layers and blocks, the shells are trauBmuted 
into calcareous spar, and their cavities contain indurated 
marl and limestone, of various shades of grey, blue, vellow, 




'iftc., interspersed with pure white, mottled with blacit ; the 

polished slabs (Liffn, 101) display innumerable sections of 

tbe enclosed shells, and rival In interest and beauty many of 

the foreign marbles. The black and dark-brown spots and 

I Teina in this and other shelly marbles have originated from 

I the transmutation of the soft bodies of the mollusca into a 

I carbonaceous substance, termed moUuiHie* Those sheila 

I which were empty at the period of their becoming imbedded 

I had their cavities filled with mud, silt, or other detritus, 

■which has subsequently hardened into clay, marl, limestone, 

&c. ; but those which contained the gelatinous bodies of the 

• See Medalsof Cra*tion,To\.\.^^, VST.. 
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inchea long, and well preaerved ; the auriace is of a 
tawny-red colour, the homy ligament with its transvetse 
nigee remains, nnd in some examplea the shells &re occupied 
by the body of the anima! in the state of moUuskite. The 
collocation of these large musaela with the drifted trees snd 
bonea of terrestrial jeptiles, in strata so manifeatly of flun- 
atile origin, couipletea the analogy between the ral'ts im- 
bedded in the delta of the Wealden, and thoae brought down, 
and ingulfed in mud and sand, by the Ohio, MiasiSBippi, uid 
other large riTers. 

^A few amaJl eatuarine muaael-Bhella {Miflilus ZgeUii) oc- 
cur in the clay at Pounceford, associated with Cyrens. 
Oystera occur here and there in the Weald-clay, and some- 
times in a bond or bed ; and a small species (Ottrtea dUtorta) 
forma a thick bed (known as the " Cinder ") in the middle 
Purbeck series. The lower and middle Purbecka are the 
most rich in marine ahella, for they afford Cordium, Peclen. 
Corbiila, Modiola, Pema, Thraeia, &e. ; the first three oc- 
curring in considerable numbers. 

26. Cedstacbajns op tue "WEiLCEN." — The cruataceftiii 
of the Wealden and Purbeck, though occurring in incoo- 
ceivable numbers, belong to but three kinds ; viz. Arehtoiot- 
cm, Vypris,] and Estheria. The first are referable to the 
isopodous order, of which our common Onucus, or woo4- 
louse, is an example ; but those fossil Igopoda, like the modon 

■ Medals of Crea lion, vol. ii. p. 521, 52?. 

t Theae Enlomoalrara have not yet been oiaDiined and describai br 
any oniataceologist. M. Bosqual hsa noticed the striking disaimUiiiilj <i 
their carapace- valTES to thoae of the Cypris, and has propowd a ne" 
genua for tliem on that aceonnt {Ct/pridea), The Cyprideii U 
scribed in Mr. R. JonHa'a Monograph of the Tertiary E 
(Palieont. Soc), and obtained from the bracidah di 
appears to be, amongat the recent forms, the neareat to _._. 
den. This CypriduiB is ?ro\iaXsVj a. wxVu^-aa tA^^i-iusHi-, 
be found to reprBBeQ>.l.liB'«cB.\4Bin.?tt™veo*,'i 
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Amelias, were aquatic. Tbey were discoTered by Mr. Brodie, 
with remaina of insectfl, in grey marly Purbeck limestone, 
near Dinton;* and they occur in numbers near Swanage 
and at Eidgway. 




The Cypridea are very Bmail fresh-water crustaceans of 
the femily Entomoitraca. Their body is enoJosed in a horny 
bivalve eheD or case, the two valves of which are united by 
a hinge, admitting the antennte and feet to protrude and 
be at liberty, when the caae or carapace ia open. 

There are also some marine Entomostraca {Cj/lheret) 
having inueh of the same characters as Cypris, but differing 
chiefly ia the numhera and style of feet and antennie, and 

ic-UTonged as moat probalily belongiiig to the CyCkerine, and of salt 
OT 'bnckiah water habitat. 

• Medals of Creation, voJ, ii, p. 512; and UUlot^ ol\\\sc';\s„^-N.'S- 
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more or leaa in the structure of the carapace-valves. Son» 
of the smooth-raived species of Cythere have a very simiUr 
general appearance to some of the Cyprides and their clo«4 
allies the Candonie ; and a mindte examination even of ths 
characters of the valves can scarcely supply the clear dis- 
tinctions afforded by the nature of the limbs, which are a&- 
cesaarily absent in the fossil state. 

The Entheria* is also a small bivalve EntomostracM; 
but it is much larger than either Cypris or Cythere, and oot 
only differs widely in the characters of its limbs and body, 
but presents a difiereut kind of carapace, which iudc«d cut 
sometimes be scarcely distinguished &om that of a biviln 
mollusc, such as Cyclas, &x. 

Like other crustaceans, the bivalved !Elntomostraca at 
supposeil to frequently shed their cases ; at all events the 
mud spread over the bottoms of still lakes is often covered 
with the dead earapacea. The lai^est living Cypris does not 
exceed one-eighth of an inch in length. In a fossil state 
their cases appear like whitish elliptical reniform scslei m 
the surface of the recently separated lamina of clay, shile, 
aud limestone. Upon exposure to the air, the cases or valiea 
decompose, aud leave the surface of the shale or stone covered 
with the casts of the shells, which sometimes appear as mi- 
nute polished tubercles ; some layers of the indurated aove 
stone have a granulated sur&ce on account of the pretK>Dce 
of th^e remaJus-t In tlie Sussex aud Purbeck marbles, « 
previously mentioned, the Cyprida) are most abuudant; 
and there are several species in the Wealden beds of Ge^ 

As the recent apeciea inhabit either still lakes or gently 

* See Dr. Baud's papers oa Eathetia in the Proceedings uf Uii! tv- 
kigioal Society. 

t In the fiB.ad3toae-tiii&mea e,t Langton Green, near Tunbiidge W^ 
slabx of this lund occvu, aUi&&^ (n«i vi^ t^ai^a >£ t::^^ 

Dnionea. 
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flowing BtreamB, and not turbulent waters, it follows that 
sediineDtB largely charged with these esuriie, associated with 
fresh-water shells, afford strong presumptive evidence of a 
fluviatile or lacustrine * origin. 

27. IifBECTa OF THE 'Wbai.den. — The durable nature of 
the wing-caaes (eJ'^(ro), legB,antenn«, iSic. of the Coleoptera 
and other ineecte rendered it probable that aome vestigea of 
this claas of articulated animals would be preserved in the 
muddy sedimentB of the Wealden ; and in the vale of War- 
doiir in "Wilts, and in a few places in BuckinghamBhire, 
the researctes of the Kev. P. B. Brodie have been most 
BUCceBsful, the a«umen and perseverance of that gentleman 
having brought to light several hundred specimens of insects 
or parts of insects in the Purbeck beds. These consist chiefly 
of remains of Coleopterous, Orihopleoug, and Hemipterout 
insects; with several kinds of I^iptera and Neuroptera. 

These fossil insects are mostly of very small size, especially 
the Diptera and Coleoptera ; and if any inferences could be 
legitimately drawn from these limited observations, a low 
climatorial temperatiu* of the country they inhabited would 
be indicated, as the magnitude of the insect tribes is in pro- 
portion to the heat of the climate. The insects discovered 
by Mr. Brodie, and described and figured by Mr. Westwood, 
comprise species of Aphis, cuckoo-spit insects {Cercopidm), 
diamond-beetles {Curculionidm), terrestrial crickets, cock- 
roaches (5ii((ffi), and dragon-flies (Zi6e??ute); of the tatter, 
which are inhabitants of .the water in their first stage, and of 
the air in their last, there are relics belonging to species of 
gigantic size. As a general result, Mr. Westwood considers 
the entomological &una of the Wealden to indicate a tem- 
perate climate-t 

* Prabalily theae are sedimenta of BGveral lagoons oi on* peat Iigoon, 
& river, und wparaled from the seft bj, possibly, b 
ipit of aand or shinjle, ocoaaionBl\y bTolteiiiii\i^ ftia'«»s«».- 
m Mr. WettiTOtid'H observatioiiB, in flie eVe?;KA-^A>m.« «>^'***^ 



423 

Mr. J. 0. Westwood's elaborate and interesting Memrat 
oa the Foaail Insects of Purbeck, in the Quart. Journal of 
the Geological Society, vol. i. p. 378, ia a valuable, and indeed 
necesaary, sequel to Mr. P. B. Brodie'a notice of the Purbwli 
Inaecta of "Wilts (in hia " History of Fossil Inaecta," 4c.), 
In thifl account of the insect-fauna of the country whwe 
rivera deposited the Wealdea and Purbeck beds, Mr. WeJt- 
wood points out the probably temperate climate of that old 
Und. Or rather, taking into cousideratioa the occasiouil 
presence of apecimens of probably tropical insects among 
the crowd of individuals that, judging from the known hsbits 
of similar existing species, Hved in a temperate climate, it ia 
probable iihat the streams brought down innunienible insecu, 
at certain periods {perhaps of heavy rains, for instance), from 
high lands of mild and cool climate, and miied them with the 
remains of the very distinct forms of insect life peculiar to 
the hotter low lands of the delta and lagoons.* 

Insect-remains have also been found in several beds of 
the Wealden proper. I have collected a few relics of beetlei 
from the Weolden marls at Wateringbury near Maidstonei 
and Prof. E. Forbes discovered an insect's wing in the Hail- 
iuga series in the lale of Wight, A numerous aeries of in- 
aectB, however, have been collected by Messrs. Binfleld in 
the iron-stonea and other strata of the Hastings clifl's.t 
These insects are in general aspect very similar to thoau 
from the Purbeck beds of Dorset and Buckinghamshire. 

2B. FisuEs OF THE Wealdeh. — The fishes whose relici 
are distributed throughout the Wealden formation are, for 
the most part, of the shark-family, or of related genera, and 
of species alhed to the large river-pikes of South Aioerics. 

A History of Ihe Foaail Inaecta of the Secondiry Hocki of Engl«Dd. \>J 
liis Rev. P. B. Biodie; one toI. Bto, IQ plati». IS45. 

■ See iho Rer. O. Fisher'a Remarlca. Cttmbr. Trans, vol. ix. p. &6Sl 
and D'AroWac, Uiat, 4Ba¥tQp4ai«i\ii,^iwi\Q^a,-(a\.i.-^, 138, 

f Quart. Joutn.Ge<A,8oc,ToV.)L.^.\i\ 
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A apecieB of Macropoma, some Btnall forma of the Sauroid 
fishes, and a few PjcDodonts complete the list. Detached 
scales, teeth, dorsa! raye, and hones of tlicae fishes are very 
abundant ; and sometimes united portions of the skeletoD 
and of the dermal covering ore preserved. 

Strong thick enamelled scales, hearing a high polish and 
having two proeessea of attachment, and small hemispherical 
teeth, called by the workmen fislies' eyes, are the most com- 




K relics of this kind.* They belong to the Lepidotus. 
us related to the bony pike, which is their bving repre- 
tive inhahiting the lakes and rivers of America. In 
t the grits and conglomerates of Tilgate Forest and of llast- 
^ ings, these scales and teeth are in prodigious numbers. A 
I few tolerably perfect specimene of the fishes from which 
I these teeth and aealea were derived have been obtained, and 
I have enabled M. Agaasiz to determine the form of the ori- 
ginal (.Lign. 105). t In the Purbeck strata a small species of 
■ Lepidotus is equally ahundaut. 
I 

" Medals of Creation, vol. ii. p. G37. 

f A spscimea in tlie Bcitiab Miueum (from mj' collection) has a con- 
aiderable part of the craDium and body, witb Ihe dorsal and pecWral fins. 
Another (discovared by Robert Trotter, Esq., formerly of Bord" " 
I Sussex) leUins a moSB of the aealea in juxtaposition, more 
wide, near where tbe oaudal fin commencei; this flih n 
hiiTe been (en or tvelre feet long, and. three fe«l ■Htdft. 
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Pinely Btriated tricuspid teeth, and others of a 
Tersely elongated shape, with a sharp elevated central cu^ 
and several small lateral ones, are the next in frequency. 
These belong to fishes termed Hybodonft, and allied to tb* 
sharks, from which they did not materially differ in thttr 
habits and economy. They possess two dorsal spinea at 
rays, and remaina of these appendages are occasionally met 
with in the Tilgate grit and Hastings sandstone.* 

I have found in the Tilgate grit a few small oblong teeth, 
with the Blirfaceof the crown covered by fine radiating striej 
these are referable to another genus of cestraciont fishei 
(^Aeroduaf) related to the Port-Jackson shark. 

Small palatine hones, having a median row of flat trai» 
versely arched dental plates, with two rows of hemispheric*! 
obtuse teeth on the sides, are occasionally fonnd in the quar- 
ries around Tilgate Forest, Horsham, and Hastings. TheM 
belong to fishes of the genus Fyejiodus, so named from the 
thickness of their teeth, which are constructed for crushing 
hard substances. I have not observed any other detenniit> 
able parts of these fishee-J 

Two very small fishes, belonging to the genua Leptoiepv 
(one of the Saurotds), and two others equally minute, whicti 
are supposed to indicate new generic characters, were dia- 
covered by Mr. Brodie, in the strata containing insects, oeir 
Dinton, in the Vale of Wardour.g 

29. B.EFTILES OF THE Wealdbn. — It is doubtle«B «u^ 
prising to learn that the whole of the enormous bones and 
teeth before us are those of reptiles, |1 and that but few 

■ McdalsofCrri&tion.vol. ii.p.&78, 591. Fossils of Tilgate Fdren. PL 
V.jfsF. 14; Pl.XV.^f?. 3. 

t Medals of Creation, rol. ii. p. 584. t IHd. p. 607. 

} HiBlory of Fossil Insects. PI. l.figi. 1. 2. -3, 4 j p. IS. 
II This Lecture was iiluatraled by se'eral hundred Bpecimens ofbonM 
■nd leetb oC iejiti\[a (torn Ibe Weeiden ; many of such magnitiide, Ihst 
the ssBemblageiraem'h\a4Biiaci™m\isAoii.Ql'&&S»»iCT'asAi!iKlfl(oM«f 
giganiic elephanU oi nuaxoiima. 
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veatigea of the mammalia occur in the Wealden deposita. 
Even these teeth, which so strikingly resemble the inuiBora 
of the Khinoceros, and theae bones of the feet and toes, 
which are bo eimilar in shape and size to those of the Hip- 
popotamus, belong to oviparous quadrupeds. Many of the 
specimens can be referred to certain extinct forma of san- 
riana or lizards ; but the affinities of others have not been 
eiactly flscertained. The determination of these fossil hones 
is indeed no easy taak ; for, while in many deposits consi- 
derable portions of, or even the perfect skeletons, are often 
discovered, in the Wealden, with but few eiceptions, every 
bone, tooth, and scale has been found apart from each other j 
md, as if to render the task still more perpleiing, the relics 
of several different species and genera are scattered at ran- 
dom through the rocks. !Nearly every specimen, too, bears 
evidence of having been transported from a distance. It 
would seem as if the carcasses of the animals had floated 
down the stream, and been rolled backwards and forwards 
by the tides, and the bones dissevered and broken, before 
they sank down and became imbedded in the mud of the 
delta. The weighty overlying masses of strata have subse- 
quently compressed, distorted, and frequently crushed the 
largest and strongest of the bones. To coUect these scat- 
tered fragments, and eitricate them from the solid rock, — 
to reunite them into a whole, and aBsig;n to each skeleton of 
the respective animals the bonea which once belonged to it, 
yet not to confound the different species together, — such ia 
the labour which the comparative anatomist baa to perform, 
who undertakes to investigate the nature of the Wealden 
Banrians. I reserve for the neit Lecture some general ob- 
Bervationa on the economy and habits of reptiles, and will 
now refer only to the fosail relics from the Wealden. 

30. Tt7BTLB8 OF THE Weaides. — The bones and platM 
of chelonian reptiles • are very conwnon. m, y&ft ?\stV%'^ 
• Medals, vol. u, f. Tit.. 
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limestone, aod in the grit, Bandatone, and shale of Tilgile 
Forest. • They are referable to about nine freab-water, or 
rather marsh, and two marine species ; one of the forniet, 
named Platemyt MaatelU by Prof. Owen,t was noticed bf 
CuTier \ as baring some resemblance to a fresh-water turti* 
found in the Jura limestone at Soleure. It is a very flit 
aperies, and probably attained two feet in length. 

Many ribs and other parts of the carapace of a TWmjv 
have been discovered in the shale of Pounceford and grit 
of Tilgate Forest ; the external surface of the dorsal plate* 
is shagreened all over, as is usual in these cbeloniana, which 
have no shelly covering, but only a thick, tough skin, or iote- 
gument ; the recent species inhabit the Nile and Eupbrato. 

TretoHemon SakeuxiU.^ Among these remains of &Mh- 
water turtles are costal and dorsal plates, and other bona 
of a cheloniau reptile, which, in its essential characters, a 
closely allied to the Trionyeea, but differs from all koowD 
recent species in baring possessed a horny dermal integu- 
ment formed of plates of tortoise-shell. Thia is indiratiJ 
by the fossil ribs, which not only have a shagreen or puniv 
tated surface, like those of the recent aperies, but also im- 
prints of the homy scutes or scales- Bicept in haring • 
defensive coating of tortoise-shell, this turtle must hire 
closely resembled the existing predaceoua, soft, fresh-water 
chelonians ; and doubtless, like those reptiles, inhabited thp 
muddy beds of rivers and lakes, preying upon the eggi sad 
young of the larger reptiles, and on the mussels and other 
fluriatile mollusca whose shells are commonly associated 
with its remains. 

• See Prof. Owen's Monograph on Iho Purbeck mod Wealden ChAf 
nians (Pilffiool. Soc), 1953. 

t AlonoE, Wealden Chelonia, 1653, p. 11. 
t Oss. Fos9. lorn. T. p. 232. 

f See PoHBil»otTilgM«YoTBiH,-e.»l,Yi.'S\. f^A-.f^Jo^of tin 
Southnmat of Englana, t- °>^^ '• aniW"*'^*.'"''^-'*" ■*■ "''S' • 
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Chehne Seliii.* A conaiderable portiou of the carapace 
and plaatron oi" a true marine turtle, belonging to a species 
three feet in length, waa obtamed from the sandetone of 
Tilgate ToreBt many years since, and some iragmentB are 
figured in my early worka on the fossils of that district. 

31. M ARISE Heptileb of the "Wealdes.— By far the 
greater part of the bonea obtaiaed from the quarries of Til- 
gate Forest, Horsham, &c., and from the sea-cliffs of East- 
ings, Swanage, and Isle of "Wight, belong to eolosBal terres- 
trial reptiles ; but with these are associated the osseone 
remains of two or three genera which there ia every reason 
to suppose were inhabitants of the sea into which the river 
flowed that deposited the strata of the Weaiden. 

Ple»io»aurii». I liave collected from various Sussex locali- 
ties bones of the extremities as well as cervical and caudal 
vertebroi of one or more species of the extraordinary marine 
reptile called Ple»ioaaurug,\ whose remains are found in 
such prodigious quantities in the Lias and Kimmeridge clay ; 
thua, we have proof that this animal was at least an occa- 
sional visitant of the bays and estuaries of the Weaiden 

Cetioiawui.X Some of the largest vertebrae and bonea 
fonnd in the Weaiden strata belong to an aquatic reptile, 
probably of marine habits, and remains of which occur also 
in the oolites of Oxfordshire, &o. The vertebrie are distin- 
tinguished by their nearly circular faces, and relatively short 
bodies ; in the dorsal vertebrte the interior lace is nearly flat, 
and the posterior concave ; but in the caudal, both are con- 
cave, with a vfell-defined border, which gives the body a 
deeply escavated character. Some specimens are eight 

* Chtlont ManteUi, Fitzinger; C. coitata, Owen. See MedaU of 
Cceation, vol. ii. p. 735. 

+ FosaUs nf TilBate Forest, PI. IX. BgB. 4, 5. 

X The name impJies Ihe nffinilj o[ tlieae te^tiea Va 
Sen Medtla of Creation, toJ. ii. p. 682. 



inches in the transverae diameter of the articular face, tui 
but four and a half in the autero-poaterior length of the 
body of the Tertebr»." 

The reptilea must have rivalled the living Whales in bulk, 
for some speciraena indicate a length of forty or fifty feet; 
they are supposed to have had web-feet, and a broad vertifsi 
tail-t The bones found in the Wealden may have b«B 
transported from the sea by the tide, or the living aninuli 
may have occaaionally been carried far up the river, m i> 
BometimeB the ease with the modem cetaceans. 

Felorotaurus. Notices of vertebne and limb-bonea of ■ 
monster reptile, from Tilgate and Haafcinga, and named Ft- 
lorotaurus, may be found in the Philos. Transact. 1850, snd 
in the Eoyal Institution Notices for 1832. In the opinion 
of some, however, these remaina are referable to CWi»- 

32. Ckocodilias Beptileb of thb Wealden.}— TTmi 
loricated or mailed saurian reptiles, as the Alligators, Cro- 
codiles, and Gaviala, of which numerous remains occur in 
the eocene strata, are well known as the lai^eat existing 
forms of oviparous quadrupeds. 

No relica of any living species have been observed in the 
secondary strata, but several allied genera appear to have 
flourished during these epochs. But the crocodilian! of 
these ancient types differed materially in structure from the 
modem ; and particularly in the vertebral colunm, which in 
one fossil genua only is composed of concavo-convex vert?- 
brte, and these are in a reversed position ; the ball or con- 
vexity of the bone being directed forwards, or anteriorly, 

* 1 discoTered a fine Buito of four consecutive Tertebm in the nad- 
■tone of TiigBte Forest, and succeeded in eitricnling them entire fr«a 
the roclc. One of tliese veitebrs is Agured in Philos. Trans. Tor IB41, 
PI. IX. fig. 13. 

t British A»«iciat\anftc^ort»,\ft4\,'B.\«l- 

J Medaltof Cien^ioo,?-^''*- 
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instead of in tbe contrary directioo, or poateriorlj, aa is the 
case in the living CrooodileB. 

Ah a general chai'acter, it may be stated that the croco- 
diliaiia with broad muzzles, as the Cayman and Alligatur, do 
not occur fossil below the eocene doposita ; all the repti- 
lian remains of that family in the secondary formations be- 
long to the division with elongated beaks or muzzles, like 
the Gavial (or Garial) of the Gaugea. 

Streptoipondi/liM.* The bones and jaws with teeth of the 
crocodilian reptUes to which this name (signifying reiiened 
ipine) haa been apphed were first discovered in the Jurassic 
clays of Honfleur and Havre ; the vertebrte are united by a 
ball and socket joint ; the convexity or ball being anterior, 
instead of posterior as in the living crocodiles. Several 
large vertebne of these reptiles have been obtained from the 
sandstone and grit of Tilgate forest, and from the variegated 
elaya in Brook Bay, in the Isle of Wight. 

33. EoBSiL Teeth op Chooodilian Ebptiles. — The 
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s of thimblee, of various sizes, fitted into each other 
they are Btriated eiterDally, and have a prominent lateral 
ridge ; as the outer tooth wears away, a new ooe is ready 
to supply its place ; the teeth of the old Crocodile ore 
therefore as freah as those of the young animal but just 
escaped from the egg. The interior of the teeth is never 
completely filled up ; hence, at whatever age a tooth may be 
removed, there ia found, either in the socket or in the 
cavity of the tooth itself, a new germ, in a greater or leaa 
state of advancement, ready to occupy the plaoe of the old 
one, when the latter shall be removed ; and this succession 
ia aHen repeated. In this fogsU tooth (,LijK. 106) froiu 
Tilgate Forest, the internal series of cones is exposed, in 
consequence of the removal of the outer case of the old 
tooth. Numerous fossil teeth, possessing this character, 
have been obtained from the Wealden ; they are separable 
into two kinds. 

The first ia from an inch to two inches in length, of a 
slender acuminated form, laterally compressed, and gently 
recurved, with a thin edge in front and behind ; resembling 
in appearance a small tooth of the Megalosaurus vrith the 
serrated edges worn off. Some biconcave vertebrte, with 
compressed wedge-shaped centres,* are supposed to belong 
to the same reptile, which has been named Sttchotaurut cut- 
iridens.f The other form of tooth {OotikpAt/Ui erasMefn) 
has a cylindrical base, and aai obtusely conical crown with 
numerous longitudinal grooves and ridges, and a sharp line 
on each side, J 

34, SwANAGB FOasiL Ceocodilb. — The teeth last de- 
scribed are of comparatively frequent occurrence in the 
Wealden of the south-east of England, and are often aasoci- 

• Fossils orT!l([B,te Forest, PI. IX. Jiff. II. 
t British Association Reports foi 1811, p. 68. 

j Medals of Creatioa.iol.v, ^.BS>l,Vi..Vt..]fg. 5. FosailBof Tilg»lt J 
:, PI, V.Jij«, 1,1,9, PeVilS. Koi'&BaT.'wiSKsi^-^.'V 
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ated with dermal Bcutea or skin-bones, which ore the OBae^ 
OUB Biipporta of the thick homy scales of the integument of 
mail with whicli the Oavials and other crocodilian^ are 
covered;* and certain eitinct reptiles appear to have had 
these Bcntea even more largely developed. As the fossil 
teeth and dermal bones wero commonly associated together, 
I was led to suppose that they might belong to the same 
species ; an opinion which was confirmed aome years since, 
by the discoyery, in the Isle of Purbeck, of a cooaiderable 
portion of the skeleton of a Crocodile, having similar teeth 
and dermal appendages. 

In the summer of 1835, the workmen employed i' 
quarry in the immediate vicinity of Swanage had o 
to apht asunder a large block of the Purbeck limestone, 
when, to their surprise, they perceived many bones and 
teeth on the surfaces they had just exposed. As this waa 
no ordinary occurrence, — for, though scales of fishes, ahellH, 
Ac. were frequently observed in. the stone, bones had never 
before been noticed, — both slabs were carefully preserved 
by the proprietor of the quarry ; and fortunately my friend. 
Eobert Trotter, Esq., happening to visit Swanoge a ahort 
time afterwards, heard of the discovery, and, with his usual 
liberahty and ardour for the advancement of science, ob- 
tained the specimens, and presented them to me. I cleared 
away the atone, so far as the brittle state of the bonea would 
permit without injury, and they are now two of the most 
interesting groups of crocodilian remains that have been 
discovered in this countiy-t 

• See Mcdala of Creation, vol. ii. p. 657, 

f Both the slabs of the Swannge spocimcn are now placed ride by 
side in a caae in tho British Museicm, in the same Toam with the re- 
mains of tha Iguanodon and other foHsil saucians. (Peliifactions, p. 
There FSD be no doubt that the entriie loner jaw of this reptile mi^t J 
have been obtained, if the quarryroen had taken the precaution of ax- F 
amining the adjoining block of stone. In the same case u 
teeth and dermal bones of this Bpectes&onitv\^\A¥in«iiL. 
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Oa one of the slabs, a considerable portion of the lefl: aide 
of the lower jaw, with two teeth in place, ie preaerved; nod 
many detached teeth and dermal hones are distributed over 
the atone. There ore numerous ribs and vertebne, the latlcr 
are probably slightly biconcave ; the chevron bones are of 
the same form ax in the Qavial. The bones of the peine 
arch and several of those belonging to the extremitiea re- 

The dermal scutea are flat ; their width, which is equal 
throughout, is about one-third of the length. They wo of 
various sizes, from three to six inches long. The iBntt 
surface is smooth, and the external covered w4tb irregulv 
deep pita or hollows ; some round, others angular. TbeM 
differ from all known recent and fossil dermal buuee, io 
having a lateral projection which fits into a correspoDdiog 
depression on the under urn-face of the opposite angle of tlie 
adjoloing scute.* K'umerouB hex%'oual and pentogoivd 
scutes, articulated together by marginal sutures, also entered 
into the composition of the osseous dermal cuiraas; this 
reptile must, therefore, have possessed a fle^ble aud im- 
penetrable coat of mail, capable of affording proteittioa 
against the attack of any aaaailant.t 

Maarorhyncjia Meyeri. The cranium of another reptile 
of the Gavial ty^je has been found in the Wealdea of G^e^ 
many, and is figured in Dr. Bunker's beautiful work ; it is 
characterised, as the name impUes, by its extremely elongated 
snout. J Hemains of Maerorhyncue are mentioned also bj 
Prof. E. Forbes as having been found at Purbeck. 

PcecUopleuron. Yertehree and other bones of a crocodiliu 
reptile related to the OoniopholU are occasionally found in 
the Woalden deposits of Tilgate Forest and the lele of 

• Mcdaia ot Crealion, vol. ii. p. 658. 

t Tealh al the Gonioifholit have been round in tlw Wetldcn of G^ 1 
many; see DimkBt'»lillott.Hlcn4."W'»i.\'i- VV's;*^ j«,,c„ 
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Wight, aaaociated with the remains of that animal. The 
vertebric are biconcave, and have a large medullary cavity in 
the middle of the centrum of the bone, which is often filled 
up ■with white calcareous spar. The body of the vertebra is 
contracted in the middle, the neural arch anchyloaed without 
any trace of suture, and the spinous process is remarkable for 
its backward inclinatiou.* 

35. DisoBAUBiiNB.t — We now arrive at the considera- 
tion of three genera of estinct aavirians or lizardB, the Me- 
galoaauruB, Iguanodon, and Hylieosaurus, which bo essen- 
tially differ in their oateological characters from all other 
known types as to constitute a distinct order, uniting the 
Iflcertian with the crocodilian OTiparons quadrupeds. The 
remains of these animals principally occur in the Wealden 
deposits ; but of the first, some of the most interesting relics 
have been obtained from Stonesfield, in the lower disision 
of the Oolite ; and of the second, a considerable portion of a 
skeleton baa been found in the lower Greensand.J Other 
forma occur in the Upper Trias of Europe. 

These genera comprehend the colossal crocodile-lizards § 

* The Temuns of this repUle were first described by M. DeBlon^- 
champs (undor the name of Pmcilopleuron) ftom Bpecimena diBCOVered 
in the Oolite near Caen, in Nonnandy. See British Association Heport 
for 1S41, p. 84. Fossils of Tilgtile Forest, PI. IX. fig. S, repreasnts s 
c&udal Teitebra, 

t ZHmaaurianM aignifjing fearfaUy great Linards ; a term employed 
bjr PiofesGOi Owen to designate an ordei of extinct teneslTiiU reptiles, 
comprising; the Iguanodon, Megalosnurus, and Hylasosaurun. 

X See Petiifactiona and their Teachings, p. 3U6. 

j See Medals of Creation, chap, xvii., for a concise view of the oateo- 
logical characlera ot theaa reptiles; and Professor Owen's Report on 
Fossil Itoptilea in the Traneactions of the British Association of Science, 
for 184i, far a full consideration of the subject. Prof. Owen's Mono- 
graphs on the Fossil Reptilia of Britain, now „, course of publication by 
tlie FnlEDontograpIiical Society, are indispensable to the &UiA,«»&,r.Q&Uus>s.%. 
Ks ibey do, the results of matured knowledge aJlil. t\^A OTaaiiMiSiBas *s^ 
■1 Y 
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of the dry land of the secondary epoch. The long bones'of the 
extremitieB of the first two genera above mentioned are "f 
coloasal proportions, and have large medullary carities, vritli 
well-developed procesBes ; their metacarpal, metatarsal, and 
digital bones, with the exception of the ungual phalangps 
(bones which support the naila or clawa), more or leaa tv- 
semble those of the hippopotamus and other large paehv- 
derraal mammalia. A very remarkable peculiarity in the 
osteological characters of this eitinct order of reptiles con- 
aista in the sacrum being made up of five vertebrte, aucbj- 
loaed together into a solid mass or column, whereas in »U 
other aauiiana it is formed of but two united vertebra) ; and 
this is accompanied by another modification, for the neunl 
arches of the vertebrat are ahitfed to the interspaces betreeu 
the bodies of those bones ; and thus great solidity ia given to 
the pelvic arcb. Both these arrangements have an evident 
relation to the great size of the hinder eitremitiea of these 
reptiles, and the enormous carcass they had to support. 

From the great magnitude of some of the bones, thwa 
fossils have excited the curiosity even of the common ob- 
server ; and, although an exaggerated idea has been generally 
entertained of the size of the original animals, yet eTen 
when their assumed proportions are reduced to their natunl 
dimensions by the rigorous formula of the comparative 
anatomist, they are suificiently colossal to satisfy the most 
enthusiastic lover of the marvellous. Of this the reader 
may be easily convinced, if he will visit the British Muaeuin, 
and, after examining the monster thigh-bones and leg-bones 
of the Iguanodon, repair to the zoological gallery and in- 
spect the stuffed specimens of the existing species of Croo 
diles and Alligators ; then let him imagine the fossil bonet 
to be clothed with appropriate muaclea and integuments, 
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and consider the enormous trunk whick limbs of sucii bulk 
must have been deaigned to eopport ; and he will obtain 
some idea of the appalling magnitude of those 



The student may also with advantage carefully eiamine 
the relative proportions of these and other great eitinct 
reptiles in the admirable Hfe-sized models constructed for 
the Crystal Palace gardens by Mr. Watertoiiae Hawkins. 

36. Tkb MEOALOSATiBTa.* — The fissile oolitic ebale of 
Stonesfield in Osfordahire, of whicli I shall have occasion to 
treat more particularly in the next Lecture, has long been 
celebrated for its fossil remains ; among which the teeth and 
bones of a very large animal have claimed particular attention. 
^ The Eev. Dr. Buckland first pointed out 
Am the true character of these remains, and 
J^H showed that they belonged to an extinct 
I^^m carnivorous reptile of enormous magni- 

^^^M tude, 'which he distinguished by the name 

fl^^l of Megalonauma, or Gigantic Lizard.f 

2^^^ Numerous teeth, vertebne, and other bones 

BB^B of this reptile were among the earliest 

K^H discoveries in the Wealden deposits of 

VMB Tilgate Forest ; and several examples are 

figured in my works on the geology of 
vouiiD unatuiHAr. that interesting distri^ j: The specimens 
^*. r«™ ■"*> "^ from the Wealden consist of teeth, dor- 
sal and caudal vertebrse, thigh-bones, and 
other bones of the eitremities;§ they belong apparently to 

> MedalB of Creation, vol. ii. p. 687. 
t Geol. Trana. vol. i. second series, p. 310. 
t FoasUs of Tilgate Forest, PI. IX. p. 67. 
f Mr. S. H. fledles, whose collection ^laaAjeen -^ervni^ tA*"'^'''^ 
as being rich in Wealden fossil, hw oblainei faow 'iia'^ eiiAco- -or' 
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tSe flame species (M. BuckJandi, von Meyer) as that of 
Stoaesfield. The tooth of this reptile {lAgn. 107) is dia- 
guiahable by its sabre-like form, conical and laterally com- 
pressed crown, and finely serrated trenchant edges. From 
this atmcture of the tooth it may be inferred that the Me- 
galosauruB was camivorouB -. its length is estimated at ncady 
thirty feet. 

Similarly shaped teeth characterize one of the diminutiTB 
reptiles found in the Purbeck beda, namely, the Nutheta 
deatruetor.* 

37. The iGUAMonos.t — Soon after my first discovery irf 
remains of large vertebrated animals in the strata of Tilgate 
Forest, some teeth of a very remarkable character, in a block 
of stone on the road-side,^ particularly ei^aged my atten^ 
tion, from their dissimllanty to any that had previously codu 
under my'notice. Additional examplea were soon di8cove> 
ed; and at length I obtained a series of teeth in various 
conditions, from the pointed unused footh of the young 
reptile {Lign. 108, _^j. 2), to the obtuse, worn, flat crown of 
the adult {Lign. 110). From the resemblance in form of 
the perfect tooth to that of the Iguana,§ a terrestrial lizard 

Battle, BDiDE reitiarhably line relics uf this great reptile. Three doml 
verlebrat form b nmgnificenl Bpecimen in this group, and ts figured of lif 
naluriil size in Oiren'a Monog. Weald. Reptilin, 1S54, PI. XIX. 

• Quarl. jQuni. Geol. Soc. vol. i. p. 420 ; and above, p. 394. 

+ Medals ofCreatioj^Tol.ii. p. 691 ; Brit. Assoc. Reports for 1841, f 
120; Monographs of niaceona and Weaiden Reptiles, Pal. Soc. lS5i 
and 1854; Peirifactions, chap, iii. 

X Mis. Mantellwas the first to find spedmeni of these teeth; GmI 
S.E. EnglFind, p. 2GB. 

^ The If^uanas ace land-liiarda, which inhahil many parts of Amctin 
and the West Indies, and are rarely met with north or Bonth of Ik' 
tropica. They are from three (o five feet in length, and feed on insfiW 
and vegetibles, climbing trees, and chipping off the tender shoota. Tlio 
DesCleia tliehuVlo«!i utTQC^.mL&isv^it. tlieir eggs, which are tike tlii« 
if turtles, in the Bands ot'\)a.ito.olTOc™. T^^'V^wMt.'* fcmished niil 
T of very BinaW, cViae\^-«i^ ■yjms»& \tfc'4i, -wv^ tEmMji ^a^ 



of the West ladiea, I proposed the name of Igitanodon (sig- 
nifying an animal with teeth like the Igumia) for the estinet 
reptile to which they belonged.* 

The numerous honea and teeth suhaequently exhiuned 
from the strata of Tiigate Foreat, Horsham, Battle, Hast, 
inga, and other places in Sussex, and in the Isle of "Wight,t 
tind a considerahle portion of the skeleton of an individnal 
discovered in the lower Greensand of Kent, have supplied 
the data upon which our present knowledge of the charac- 
ters of the original is based. Unfortunately the form Mid 
structure of the skull are atiU almost unknown ; although 
two fragments of the upper jaw J and a nearly perfect half 
of the full-grown lower jaw,§ retaining some of the teeth, 

d parts of two lower jaws of young individuals, have come 



b hare no diatmct alveoli or BockeU, but are alUched at the base 
uid by the outer Burfaces of the fangs to the jaw ; tho alveolar process 
eiual parapet, but there is no int«nial bony oo'vering. The 
s teeth do not, as in the crocodile, spring up in the centre of the 
. u( the old, and push through them, but arise from sear the iuner 
part of the base, and by pressure occasion the absorption of a portion of 
the fimg of the old taolh, which they ultimately displace, by destroying; 
the adheaiOD to the denial parapet. The teeth of the Iguana resemble 
the perfect fossil tooth (Lign. lm,fig. 2) in form, but not in structure 
or size; those of the recent lizard ate not very much larger than the 
leath of the common mouse. lu the iguana the crown of the tooth 
never presents b Hat surface; it is broken or chipped off by use, but not 
gioimd smooth as in the herbiiora. The reason is obvious ; none of Ihe 
existing reptiles are fiimished with cheeks or movable coyeringB to their 
jaws, and therefore cannot perform mastication; their food or pray is 
seized by the leelh and tongue, and awallowed whole. 

• See my memoir " On Ihe teeth of the Iguancdon, a newly discorerod 
ftissil herbivorous reptile, from Ihe strata of Tiigate Forest." PhUos. 
Trons. for 1825. 

t Geology of the Isle of Wight, pp. 98, 225. 
I Philos. Trana. 1841, p. 131 [ and PalffiouL Monog. 1853, p, 2S. 
Trans. 1B48, p. ISS ; and Palieont. Monog. 1S53, p. S3. 
I >Ik> Petribotions, p. 243, &c. i aud Medala o'ideiAigiL,^^.'^')'-^ 
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3S. Teeth and Jaws of the iGTrASODOs.*— TUe fint 
Bpeeinien which arrested my attention was a portion of » 
large tooth which, from the flat surface of the crowii, ii»d 
evidently belonged to a herbivorous animal ; for it poasesseii 
the prismatic form of a worn inciaor of one of the large pa- 
chyderms. The enamel was thick in front and thin behjiid, 
by which arrangement a sharp cutting edge must have been 
maintained in every stage of use. There was no fiing, but 
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the base waa indented, not broken off; proving that the 
ehanb had been removed by absorption from the presHure of 
a new tooth, which had grown up and caused the old one to 
be thrown off. 




In tbe series of teeth before us {Ligna. 108, 109, 110) <ire ma; trace 
every p-Bdalion of this diange ; from the pointed, anfjular, perfect croim 
and fang (Liffn, 108,^.2), and tia pajtiajly -worn specimen (fig', 4, 5), 
to the mere stump (/^j. 1 , 3), in which the Buramil ia ground flat, uid 
the Hhank entirely absorbed from the pressure of [i auccessional loolh. 
The perfect teeth of the Iguanodon are diBlmguiBhed bv llui'! -^vKtmiiK. 
form, the presence of from two to tour or five ■dft^eft,-w>n.fia. «*.>«*■ *>^s™ 
the Iront, and iJie denticulated lateral mtrpna at We cicnni. V,l.*9'ft-'^S»^ 
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Jig. 6). The Intler appear as aimple serrations in the tigure, Li^n. lUS.u; 

but wheii viewed iaterally {Lign. lOS, fig. 6), axe loiuid to cuuiial •^l 

dentlculaled plaice. 
The deciduous tooth of an adult Iguimodon, vith Ihe crowa dai and 

tba fiuiE absorted, ia well e^templifiad in the specimem {Lign. I lU) fiooi 

the lale of Wight, lu which the crowa is worn down almost to the neck ; 
the aotied of denticulated plates having en- 
tirely disappeared. In this horiionlal wot- 
ing of the teeth the Iguaoodou diffeis Iioni dl 
known liYing or eitinot lizards ; for all other 
herbivorona reptiles chip oS'uidiwallov then 
Ibod whole, the uoDslruciion. uf their ^«b tiol 
admitting of a grinding motiaD. It is there- 
fure obvious not only that the Isuanodoa fed 
on vegetAblea, but that it was to some eitenl 
capable of masticating its food liJie the hortc 
iind other herbivorous mammaliB; while the 
.ibsurpiion of the fang tihowa that a coDEluit 
-.ucccssion uf teeth took place B.t all periods uf 
Is the case in miD} 




ulher reptiles. The tmth, when euunined 

inicroscopicallj, exhibits a corresponding io- 

teriiBl Btruoture ; the tooth-ivory or dentine 

Udn iin— uppfh Tncira OF t^i^g Qf ^ Boiler and coarser taiture than in 

BneiiBn,iiiiiilWiiU.tNiii. reptiles, and resembling that of the greul te- 

uh.j Th« iromi HiiiKiwl geiublfl feeders of the sloth tribe {above, p. 

wtulS?.^™' ""'"* ^66.') These dental instnimenta must th««- 

fore have bEen admirably adapted, in every 

stage of their growth, for the latetalion and comminution of the lou^ 

vegetable substancca which, there can be no doubt, constituted the ehief 

food of lliia colossal quadruped. 

It was not until Capt. L. Brickendcn discovered (ia 
1848) a nearly perfect right half of the lower jaw of aa 
adtilt Iguanodou, that the eiact relations of the upper and 
lower teeth were clearly underatood. This line specitnea 
cshibitB also peculiar structural characters, and oltogethet 
throws important Uj\vtofit'aftatTuctu!:e and functioiiB of the 



dental organB of tbe Iguanodoa {lAgna. Ill and 112). A 
trogment of a emaller lower jaw, with implanted fangs, had 
been previously found, as well as a portion of an upper jaw ; 




and a comprehensiTe and detailed description of these valu- 
able and instructive specimens ia given in Chapter III. of 
" Petrifactions and their Teachings." 



In Prof. Owen's masterly monograph on the Wealden 
Iguanodon (Falseont. Soc. 1854), the larger jaw-bone (Capt 
Briokenden's Bpecimeo) is re-described in full ; also another I 
yoang jaw-bone (Mr. Holmes's B-pedi-ivea), ^a "^'S^ ** *■ 
second portion of an upper jaw. 1\ve ^^iQ^a-Tfiftt&'s^e.^'*^ 
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argumeate previously advanced as to the fiuviatile origin of 
the strata of the Wealden ; it merely shows that part of tht 
delta had mibaided, and was covered by the cbalk-oceui, 
whilet the country of the Iguanodon was still in existence; 
and that the body of one of these reptiles was drifted far 
out to sea, and sunk down in the deptbe of the ocean ; Just 
as at the present day bones of land-quadrupedB may uot 
only'be ingulfed in the deltas of rivers, but also ii 
deposits far from land. 

40. Veetebu^ of thb Iguanodos. — The peculiaritiea 
in the vertebral column of the Iguanodon are pointed out 
in the Medals of Creation,* and anatomical details would 
here be irrelevant : a few particulars must, howerer, be 
noticed. The traQSTerae processes of the dorsal and lumbar 
vertebrie are very long and straight, indicating a eonaidtr- 
able expanse of the abdominal cavity, suitable for the capn- 
cjous viscera of a herbivorous quadruped. In the caudal 
vertebne, both the spinous processes {Liga. 113, a, a) and 

of the giey, areaaeeous Umealona, called Kealiih ray, which u mocli 
employed for building, and for repairing the roadd. It belongs to tbe 
Lower Greeosand, and abounds in the marine ahellH which are diarw- 
teiistic of that division of the chaUt-formation. In the quarry in vhidi 
the remains of the Iguanodou were found, there have been discorcreii 
wood perforated by boring shell 8, impressions of leaves aad stems ufliecs. 
with trigoais, ammonitei, tiatUili, &c,, conical striated leelh of Ihe ma- 
rina reptile called Folyptychadon (above, 367). some of which are tvu 
inches in diameter at the base, and a few remains of flab. MoliuBkili 
abounds in these strata. It may be here remarked thai, allbough Hi 
Aufllen, in his remarks on the Weaiden, and Prof. Owen, in his descrip- 
tions of the Iguanodon, t«rm the Lower Greenaand of England "Neoco- 
mian," this is not correct ; for, as M. Benevier has lately shown (BuUetiu 
de la Soci^t^ Vaudoise, vol. v. p. 5\ ), the sandy series of our Lovra 
Greenaand ia paleontologically the "Aplian" of D'Orbigoy; Mid tbs 
Alherfield beds, or the lowest portion of the Lower Greenaand, repiesoil 
■he " Rhodanian aeiiee'' which Ilea u^on the Upper Neocomiattin 111 
South of Fiance. 
• Vol. ii. p. 653. 




^7be cheFron-bonea (b, i) are of great length ; the latter have 
"their bases so blended as to form but ono face for articuJa- 
ttoa .with the truncated inferior angles of the body of thp 




vertebrre, leaving a vertical and elongated channel, for the 
passage of the large blood-vessels of the tail. The propor- 
tionB of these elements of the caudal vertebral indicate a 
great vertical development of the tail. In the fine specimen 
before iis (Ziyji. 113) of sii united caudal vertebrre, im- 
bedded in a block of Tilgat* grit, with both the upper and 
under spinous processes displayed, these characters are 
strikingly obvious. The width, or rather height, of that 
portion of the tail to which these lionea Xi^wi^e^ wKj^'Vsfli'e. 
been at least twenty-aeven inchee. t^oB iiQtK^'te««*^ "sssca^ 
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of the tail-bones, and the relative shortness of the bum«nu, 
are referred to hy Prof Owen as evidences of the probable 
aquatic habita (to Bome eitent, at least) of this mighty 

41. Femub, &o., of the Iodajtobok. — Several specimeiiB 
of the femur or thigh-bone, of the bonea of the hind legs, 
and of the metatarsal, phalangeal, and imgual bones,* bnte 
been obtained from various localities of the Wealden. The 
first fragment of a thigh-bone that came under my noticf 
was a portion of the middle part of the shaft, which ie of * 
quadrangular form; and this waa so large, shapeless, and 
uniiitelhgible, that many years elapsed before I obtaioBd 
any clue to its real nature. f The toe-bones presented m 
little correspondence with those of reptiles, and such a simili- 
litude to the metatarsals of the large pachyderms, aa for ei- 
ample those of the Hippopotamus, that it waa long before 
their true aifinities could be determined. 

To convey an idea of the enormous size which some adult 
individuals, must have attained, I may state that one perfect 
thigh-bone is three feet eight inches long, and thirty-fite- 
inches in circumference at the condyles, and that some fn^ 
ments indicate a greater magnitude; the average lengi- 
being about four feet six inches.} 

The femur of the I^anodon is remarliable from ihc combinalion rf- 
lEiinimaliBn characlcra which It prascnta, fn its well-marked head »d4 
neck, trochanters, condyles, and medullary cavity. The head (LifH. 

4 Same epeclmena of a conical bone, about Ibor inohes lotig, bare. 
bpcn found in the Wealden, and regarded as being probably the ossranii 
supports of a homy protuberance belonging to the saoul of tbe Igiuiiit>i 
don, atid similar to the conical warta and procesoea which aome of iku 
I^anu poeeess. Prof. Owen, however, refers these peculiar and alfnnati 
symmetrical bones to ths leeU regarding them as the ungual 
or claw-bones of the outer toes of, perhaps, the ' ' 

t This fragment U Rguieiin Vosa.Ti.YmBa.'e^.'KMVH 

I Petrifactiona, p. 3*). 
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114,^) ia.hemisplierical and projects tnwardB; and a lalccally tlallcni 
process oi trochanter (a) lonaa an external bultreaa ur buundnty ul' I. 
neck of the bone, from which it is separaleii 
by a deep, nanow, vcttical tinsure. The fM 
thitft of the bone ia aubquodriLngulai ; r ' 
slightly elcTated ridge, produced Ity the 
uoioti of two broad, flat, longitudinul sur- 
j ' bees, indicating Ihe attachment of po'werful 
^H^Wdea. exteods down the middle of the 
^HBuioiracei and, diTerging towards the in- 
^^B condyle, gradually di&appeara. Tlia 
^Iput tetminates below in two large, round- 
Eira, and laterally-conipresBed condyles (c, i^J, 
which ate separated m front and beltlod Ly 
K deep grooie (e) ■ Near the middle of tlie 
•haft, (he mesial or inner edge forms a com- 
pressed ridge, which expands iolo an angu- 
lar projection, or Crochanler (i). Thus the 
upper part of the femur may be known by 
the presence of the upper iruclianler (□) ; 
Rod if that process be broken away, tiiu 
fractured surface indicating its position will 
be delected. If a fragment of the middle 
part of the sluiA only he found, the flattened 
Mtgulai spaces, and the aubmediaa tro- 
chanter (i), or the mark of its atlachjnent, 
will identify it. The lower eitrcmitj of 
the femnr may be distinguished by the deep 
grooTO (a) between the condylea, both in 
fhmt and behiad. The medullary cavity is 
Tery large. 

42. Probable fokm and size 
OP THE ItnTisoDON. — From numer- 
ous detochetl bones that have lieen 
collected from various loealitiee of 
the "Wealden, and with the aid of 

. the few BpeciraeDB in which Beverol 

I are collocated in the same block of 
atone, the size and proportioiiB of 



B448 THi; WONDERS OF GEOUHJT. Lkt, IV. 

the body and limba of the Iguanodon have been determbed; 
yet but a vague idea of the form ftnd appearance of tie 
original animal caii be derived from the relics hitherto di*- 
covered. For the great discrepancy between the known 
parts of the skeleton of this creature and the corresponding 
bones in the largest existing sauriana militates against the 
perfect restoratioo of the form of thia colossal reptile, until 
the skull, jftWB, feet, Ac. are better known.* 

la the present atate of our knowledge we may, however, 
safely infer, that the body of the Iguanodon was equal tn 
magnitude to that of the elephant, and as massive iii its pr» 
portions ; for, being a vegetable feeder, a large development 
of the abdominal region may be inferred. Its limbs muat 
have been of a proportionate size to sustain so enormous i 
bulk ; one of the thigh-bones (in the British MuBeum), if 
covered with muscles and integuments of suitable propor- 
tions, would form a, limb seven feet in circumference. The 
binder estreraities, in all probability, presented the unwieldj 
contour of tliose of the hippopotamus or rhinoceros, anil 
were supported by very strong short feet, the toes of which 
wore armed with claws like those of certain turttei. The 
fore-legs appear to have been less bulky, and were furnislied 
with hooked claws resembling the ungual phalanges of the 
Iguana. The teeth demonstrate the nature of the food f» 
quired for the support of this herbivorous repWle, aad thi 
power of mastication it enjoyed; and the ferns, cycodmai 
plants, and coniferous trees with which its remains are as- 
sociated indicate the flora adapted for its sustenance. But 

* Mr. W. HairkiTis's highly artistic and picturesque realoralioiu vT 
the Igunnodon in the CrysUl Puliice gardens well express in mi 
fortii the amuimt of anatomical iurorm&tion aa yet accumulated by 
tell, Owen, and others from the study of the relict of the skeleton o( th> 
Wealden monsler. \» 'm iq ■\io\ia^4. 'iWi. >nss.'«t «»w!tu™i 
the skull, feel. sWin, &c. *.\uuiB.wi>.V -^^sawA ^owksmA.- 
beforo long by lie vinwe».™4 ieiwwc"iieft ot. *.t^ Eii:As 
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tbe pliyaiognomy of tbiB creature, from the peculiar modifi- 
cation of the skull and jaws required for the attachment and 
support of the powerful mnseleii neceBsary for the tritura- 
tion of tough vegetable aubBtancea, must have differed con- 
siderably teota that of uli known saurians. 

The length of tbe Iguaaodon has been variouely estimated ; 
the dilference in the computation depending chiefly on the 
extent assigned to the tail, which in the Iguana and many 
other lizards is much longer than the body. If the tail of 
the fossil reptile was slender, and of the same relative pro- 
portions as in the Iguana, the largest individual would be 
fiity or aiity feet long ; but it ia more probable, from tbe 
sbortuess of the bodies of the caudal vertebrie, that the tail 
was comparatively short, and flattened on the sides, as in 
Bome living reptOea, — for example, the Dorffhorut ; in that 
caee, tbe length of a full-grown Iguanodon would but little 
exceed thirty feet. 

From what has been advanced we may conclude, that the 
Iguanodon was a gigaotic, but inoflensive, herbivoroua rep- 
tile, amphibious in its hahita, and living on the fema, zamis, 
and cooifene that constituted the flora of the country of 
the Weolden, of which it appears to have been the principal 
inhabitant. 

43. Tke HrLjBOSADBUS, or Weolden Lizard j Plate IV. 
— This ia another reptile of the Wealden, possessing the 
same remartahle construction of the sacrum aa the Iguano- 
don, and which I have diatingpiished by a name indieat.ve 
of the geological formation in which its remains occur.* 
The first and most important specimen of the HylieoBauru9 + 
was diacovered in tbe summer of 1832, under the following 
circumstances. . 

Upon viaiting a quarry in Tilgate Forest, which had 
" " 1 many organic j«mains, I perceived in some frag- 

• From i'Xf,, a wood (Weald) ; and oaupot, ».\\i'a*i.. 
f Medah of Creation, vol. tl. p. 6B9 ; Pe\-ti5wiCvao», ■^- "'■'^^ 
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mento of a Urge mSHs of grit which had recently been brokeo 
up aud thrown on the road-aide traces of numerous piei.'es of 
bones. I therefore collected all the recognisable portioiu 
of the block, and bad them convened to lay residence. 
Having cemented the fragmentB together, and chiselled off 
the Btone in which the bones wera imbedded, bo far an their 
brittle Btate would admit, 1 succeeded, after much labour, in 
developing a considerable portion of the skeleton of a reptile 
in wbich are blended the osteological chamctera of the cro- 
uodiiea with thoBC of the lizards. 

The vertehHB of the nect (P/. IV. 2), several of the bwlc 
(3, 3), many ribs (4, 4), the two coracoid bones (7, 7), 
BL-ai>ubB (8, 8), remain not far removed &om their natural 
order of juxtapositioD. There are also several dermal or skio- 
boiiea, which supported the thick scales or scutes ; of these [lie 
most extraordinary are certain krge angular bones (5, 5, 6. 6), 
which lie in the direction of the vertebral column, and appear 
to have extended along the back, lite the bomy serrated 
fringe in the Iguana. Many other existing lizards 







s of this kind| wbich in some genera are largd 
loped ; as for example in the Oyclura {lAgn. 115). 




There are seyeral detached bones diBpereed in the block 
of stone -, and numeroua vegetable remains, and carpolites, 
or aeed-veBsela, of the Clathraria (above, p. 412), were de- 
tected in reducing the aize of the mas 8.* 

Dermal bones and spineg,^ The structure of tbe dermal 
bonea is very peculiar, and closely reaemblea that of the 
ligamentous flbrea of the cariwm, or skin, and seems to have 
resulted from an ossified condition of the dermal integument.} 
Upon inspecting the surface eiposed by a transverse fracture 
of the oral scutes, minute osseous spiculie, decussating each 
other at right angles, are visible to tbe oaked eye ; and, under 
the microscope, the same arrangement is found to prevail in 
the minuteHt bony fi.brea ; the medullary canals hare fine 
lines radiating from them. 

The same internal structure eharacterizes the large tri- 
angular spinous boaes {Pi. IV. 5, 6) ; and this fact tends to 
confirm the opinion that they also are ossified dermal pro- 
ceBaea, which formed a longitudinal crest along tbe back of 
the animal. 

The HylseosauruB was probably a terrestrial herbivorous 
reptile, between twenty and thirty feet in length. The 
modification of form in the bones composing the sternal 
arch^ — in which a coracoid of the lacertian type is united 
with a acapnia like that of the crocodiles — together with 
other oateotogical peculiarities, and the largely developed 
dermal processes, all combine to point out the original as a. 
moat extraordinary type of reptilian organization. § 

• For further particulars see my Geoli^y of tbe Soulh-Eaat of Eng- 
land, p. 31 G. PI, V. of that work is aa excellent lilhograph of thU speri- 
men, by Mr. Pollard, of Brigbton. 

t Medals of Creation, vol. ii. p. 660. 

J See my Memoir on the Fossil Reptiles discoTflred in Tilgale Forest, 
Phil OS. Trans, for 1841. 

J The Hyl^onttur, with itg spiny back dnd malicioviB fcs^ct.. w 
B jiTominent place wi'lh the Iguanodons soS Mc%iiio«,>ii "ikv "&' 
Palace Gardens. 
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Ab the jawa have not yet been foimd, thr 
chariR-ters of the dental organs are unknuvni ; 
but I have long considered the t«etli bel'ore us 
(iy». 116) as probably referable to the Hj- 
ImoaauruB. They are generally from one ineh 
to one and a half inch long, with a cjlindrioai 
ehank, whivli eulargea into an obtuse, lanceo- 
late crown, convex in front, and depressed be- 
hind ; the murgins of the crown are invariabl; 
worn, aH if by uae : the internal structure 
conaistB of firm dentine, with eitreraelj mi- 
nute tubes radiating from the centre to ihe 
periphery of the tooth, which has a thick wil 
'- of enamel.' 

44. PTEHoniCTTLEs AMD Birds ot ihi 
■uiurni.iu. "WEiLDEN, — In the Wealden, numerous frag- 
ments of bones which from their tenuity musl 
have belonged to animals capable of flight have been ob- 
tained from various localitiea. Several are figured in my 
Fossils of Titgate Forest. The imperfect state of the aped- 
mens renders it extremely difficult to determine whether 
any of these bones belong to a higher order of animals than 
reptiles, — whether, in fact, aome of them are not referable 
to birda. One fragment of bone in particular, at firat regarded 
aa part of a tars o- metatarsal bone of a bird, has be*n recog- 
nised to be a broken humeru* or arm-bone of a Pterodac- 
tyle ; t and the microscopical characters of its internal 
structure also ahow it to be reptilian. Mr. BowerbaukI hu 

• Medals of Crestion, vol. ii. p. (i9U. Juat as tbe liltle Kulhttn of the 
Putbeck imitates Itie great Megalosaur in the form of its leetb. » 
the minute Saarillia of tbe same deposits present tnininture leelh of 
pattern of those here referred to the Hylieos 

t Geol. Trans. 1 Ser. itqI. y. ^ 175 ; Quart. Geol. Journal, 1815, p ^ 
96, and p. 104; PeWWac(.\Qna,-^-\^. 

J Quart. Geu\.3ourQal,-'Q\. iN.^-l- 
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found a recognisable difference in tbe form and pro])ortion 
of the minute cella of bones, which he believes is constant, 
and by which the amalleHt fragment of bone may be referred 
to its proper class. In Birds under a power of 5(K) linear, by 
tranfimitting light, the cells are found to have a breadth in 
proportion to their length offroTO one to four or five; while in 
Reptiles, th.e length exceeds tbe breadth tenor twelve timea. 



Applying this test to the bones from the Wealden, Mr, 
Bowerbank finds that some specimena exhibit under the 
luicroBcope cells of the reptilian type ; while some other of 
the specimens (especially that figured in Geol. Trnna. Ser. 2, 
vol. T. PI. Xlll./y. 6) have short elliptical cells, as in true 
birds ; they are therefore presumed to belong to thut class. 
45. The cochtky of the Jqcisodos. — By this survey 
of the strata and organic remains of the Wealden, we have 
acquired data from which, by the principlta of induction 
already explained (p. 377), we may obtain secure conclu- 
sions aa to the nature of the country whence those spolla 
were derived, of the animals by which it was inhabited, and 
of the vegetables that grew upon its Burliwe. Whether that 
country was insular or continental cannot be determined ; 
but that it was diversified by hilla and valleys, and irrigated 
by streams and rivera. and enjoyed a climate of a higher 
temperature than any part of modem Europe, is most evi- 
dent. Arborescent ferns, coniferous trees, and cycadeoua 
plants constituted its groves and forests, with delicate ferns 
amongat the vegetable clothing of its soil ; and in its fens 
and marshes the equiseta and plants of a like nature pre- 
vailed. Its principal herbivorous quadruped was the enor- 
mous iizard, the Iguanodon ; its caimvOTB.i'Onft'^w^'sa'wsrsa 
aud other predaceoua reptilcB-, \ta mssettwoYii-, '^* ^^*^ 
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warm-blooded Spalacotlieres, and their compaoiona, the rep- 
tilian Macellodua and SauriHus ; crocodiles and turtles fre- 
quented its rivers, and deposited their eggs on the lianki 
aud shoals ; its waters teemed with fishes, moUuscs, and 
minute crustaceans ; and its air with insects. Some infeN 
ences relating to the prevailing atmospheric condition of tlte 
country may also be drawn from the undulated surfaces of 
the aandstonea, and from the foaaU trees. In the former w 
have proof, that when the land of reptiles existed the water 
was rippled by the breezes, which then, as now, varied ii 
intensity and direction in a brief space ; by the latter, tlmt 
in certain situations the wind blew from a particular quwtei 
for a great part of the year, and that the wean annual tem- 
perature was as variable as in modem times. 

From what has been advanced, it must not, however, be 
Buppoaed that the country of the Jguanodon occupied the 
site of the Bouth-east of England; and that the animala 
and terrestrial plants of the Wealden lived and died near 
the spot where their relics are entombed. For, with th* 
exception of the sheila and crustaceans, «'hieh probably in- 
habited the waters of the delta, nearly all the fossil remain* 
bear marks of having been transported from a distance. 
But, though three-fourths of the bones we discover have 
been broken and rolled, — the teeth detached from their 
socketa, — the vertebne and bones of the extremitioB, with 
but very few eiceptioua, disjointed and scattered here and 
there,— -the stems and branches of the trees torn to pieces 
and deprived of their foliage, — there ia but little intenmi- 
ture of sea-shells, or of beach or shingle ; these remaina 
have been subjected to abrasion from river-currents and the 
tides of the eatuary, but not to attrition from the waves cf 1 
the ocean. The gigantic limbs of the large reptiles nnild 
not have been disaevCTcd from, their sockets without great 
iiolence, except \i3 t\ve 4 _ " 

loag maceration in Niatet -. «Bi,Mi- -et^ ^^^ \«a.\«=^ -4 



455 

sole cause, we ebould not find the bonea broken and separ- 
ated, but lying mure or less in juxtaposition, like the skele- 
tons of the PlesioBBura and other reptiles in tbe Lias. The 
condition in which these fossOB occur proves that they were 
floated down the river with the rafts of trees and other spoils 
of the land, until, arrested in their progress, thej Bank down 
and became imbedded. The phenomena here contemplated 
cannot, I conceive, be satisfactorily explained upon any 
other grounds ; and the source of the mighty Btream which 
flowed through the country of the Iguanodon must, there- 
fore, like that of the Miaaisaippi, have been hundreds, per- 
haps thousands, of miles distant from the delta accumulated 
in the course of agea at its mouth. 

Such was the country of the Iguanodon, — a country wbieli 
language can but feebly portray, but which the magic pencil 
of Martin, by the aid of geological research, has rescued 
from the oblivion of the past, and plaeed before ub in all 
the hues of nature, with its appaUing dragon-forms, its 
forests of palms and tree-feme, and the luxuriant vegetation 
of a tropical clime.* 

46. Sequence of oeologicai. chanbeb. — Let ua now 
review the sequence of those stupendous changes, of which 
our eiaraination of the geological phenomena of the south- 
east of England has afforded such incontrovertible evidence. 
From the facts brought before ua, we learn that at a period 
incalculably remote there existed in tbe northern hemi- 
sphere an extensive island or continent, possessing a climate 
of Buch a temperature that its surface was clothed with 
coniferous trees, arborescent ferns, and plants allied to the 
Cycas and Zamia; and that the ocean which washed its 
shores waa inhabited by turtles and marine lizards of estinct 
genera. This country suffered a partial subsidence, which 

■ See the Frontispiece ; an eiigraTing on steel, from an original poinl- 
ingtartbe anthoi, by John Matlin, Eai^.,^.!!. 
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was efTerted so tranquilly that many of the treea retained 
their erect position, and the cycadeoue plants and 
dL-rahle layer of the vegetahle mould in which they rkw 
remained undisturbed. In this state an inundation of fresh- 
water covered the country aad its forestB, and deposited 
upon the aoil and around the treea a colcareoua mud, which 
was gradually conaolidated into HmeBtone ; and water hold- 
ing iliat in solution percolated the maBs, and ailicified the 
submerged trees and plants. 

A further suhaidence took place, floods of fresh water 
overwhelmed the petrified forest, and heaped upon it ai^u- 1 
mtilations of dotritus, which the streoma and rivers had 
trftQBported irom the land. The country traveraed by the 
rivers, like that of the submerged forest, enjoyed a warm 
climate, and was clothed with arborescent ferna and cycadcs ; 
it was tenanted by small niaromalio, gigantic herbivorous and 
carnivorous reptiles, and innumerable insects, and its wsten 
abounded in turtles and various kinds of flahes, cruataceaui 
and molluscs. The bones of the mammals and reptiles, the 
teetli and scales of the fishes, the bodies and wings of the 
insects, and the stems, leaves, and eeed-vesaels of the tree* 
and plants, were brought down by the sti-eams, and imbed- 
ded in the mud of the delta, beneath which the petrified forest 
had long been buried. 

Thia atate continued for an indefinite period j — another 
chftuge took place, — the Country of Heptilea with its inh^ 
hitants was swept away, and the delta, and the foaail tree^ 
with the marine strata on which they grew, subsided to 4 
great depth, and formed part of the bottom of a profound 
ocean ; the waters of which teemed with numberless 100- 
phytes, shells, and fiahea, of species long since extinct. The 
influt of thermal streams charged with silex, or long-con- 
tinued chemical agenciea, gave riae to layers and veins rf 
nodular and tabuVar &mt, aai ottttftvsas.i.'Cma'Kiiw^; 
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the orpa;iic remains Bubjectcd. to their influence, amidat the 
calcareoua debria of shelia, foraminifera, and moBS-coraJs now 
presented to ub aa Chalk. 

This epcwh, which was of long duration, was aueceeded by 
elevatory movements, by which the bottom of the deep was 
broken up, and large areas were slowly upheayed ; and na 
the elevation continued, the deposits which had accumulated 
in the depths of the ocean approached the surface, and were 
eiposed to the action of the waves. These masses of creta- 
ceous strata now began to suffer destruction, and parts of 
the delta of the country of the I guano don gradually 
emerged above the waters, until even the petrified forest oC 
Portland rose in the midst of the sea, and became dry land. 
At length, some portions of the elevated strata attained an 
altitude of several hundred feet, and a group of islands was 
formed ; but in the basina or depressions beneath the waters, 
sediments derived from the disintegration of the aea-diiTa 
were deposited. Large herbivorous mammalia now inhabit- 
ed Buch portiona of the former ocean-bed aa were covered 
with vegetation sufficient for their support ; and, aa theae 
animals died, their bones became enveloped in the accumu- 
lations of mud and gravel, which were fonning in the bays 
and estuaries. 

This era also passed away ; — the elevatory movements 
continued, — other masses of the bed of the chalk-ocean, and 
of the Wealden atrata beneath, became dry !and,^and at 
length those more recent deposits containing the remains of 
the herbivorous mammalia which were the last tenants of 
the country. The oak, elm, ash, and other trees of modem 
Europe now sprang up where the groves of araucarias and 
tree-ferns ouce flourished, — the stag, boar, and horse ranged 
over the plains in which were entombed the bones of the 
colossal reptUea, — and finally Man appeared, and took pos- 
aeasion of the aoil. 

At the present time, the depoaita co\ita\tiYVi% '^^t* 
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of the mammoth and other extinct mammalia are the eitea 
of towns and villagea, and eupport busy communities of the 
human race ; the Huntsman courses, and the Shepherd 
tends his flocks, on the elevated masses of the bottom of ihe 
ancient chalk-ocean,* — the Farmer reaps bis harvests upon 
the cultivated soil of the delta of the country of the Igua- 
nodon,! — and the Architect ohtains from beneath the petn- 
fied forest the materials with which to construct hie templH 
and hia palaces : J while from these various strata, the Geo- 
logist gathers together the relics of the beings thai hved 
and died in periods of unfathomable antiquity, and etidM- 
yours by these natural memorials to determine the naturv 
and succession of those physical revolutions which preceded 
all human history and tradition. 

■17. Retrospect.— Such ia a plain enunciation of the re- 
suHk of our investigations ; but I wiU embody these induc- 
tions in a more impressive form, by employing the metaphor 
of an Arabian writer, and imagining some higher intelli- 
gence from another sphere to describe the physical muta- 
tions of which he may he supposed to have taken cogniiance, 
from the period when the forests of Portland were flourish- 
ing, to the present time. 

" Countless ages ere man was created," he might say, 
" I visited these regions of the earth, and beheld a beautifol 
country of vast extent, diversified by hill and dale, with its 
rivulets, streams, and mighty rivers flowing through fertile 
plains. Groves of tall ferns and forests of coniferous trees 
clothed its surface ; and I saw monsters of the reptile-tribe, 
BO huge that nothing among the enlisting races can compare 
with them, basking on t)ie banks of its rivers, and roaming 
through its forests ; while in its marshes and lagoons thoii- 
sands of crocodiles and turtles crept and swam. Winged 
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reptiles of Htrange forma shared with birdB the domimoii of 
the in Beet-teeming air, and the waters abounded with fieheH, 
flhellB, and cruBtacea. — And after the lapse of many ages I 
again yisited the earth ; the beautiful country, and its in- 
numerable dragon-forms, its rivera, and its tropical forests, 
all had disappeared, and an ocean had usurped their place. 
And its watera teemed with nautili, ammonites, and other 
cuttle-fishes, of races now extinct, and with innumerable 
fiahee and marine reptUea. — And thousands of centuriea 
rolled by, and T returned, and, lo ! the ocean was gone, and 
dry land had again appeared, and it waa covered with groves 
and forests ; but these were wholly difierent in character 
from those of the vanished country of the Iguanodon. And 
I beheld herds of deer of enormous aize, quietly browsing, 
and groups of elephants, mastodons, and other herbivorous 
animals of colossal magnitude. And I saw in its rivera and 
Kiarshea the hippopotamus, tapir, and rhinoceros ; and I 
heard the roar of the lion and the tiger, and the yell of the 
hyena and the bear. — And another epoch passed away, and 
I came again to the acene of my former contemplations ; 
and all the mighty forma which I had left had disappeared, 
the face of the country no longer presented the same aspect : 
it was broken into islands, and the bottom of the sea had 
become dry land, and what before was dry land had aiink 
beneath the waves. Herds of deer were still to be seen on 
the phiins, with swine, and horses, and oxen ; and bears and 
wolvea in the woods and forests And I beheld humaa 
beings, clad in the akius of animals, and armed with clubs 
and spears ; and they had formed themselves habitations in 
cavea, constructed huts for shelter, and enclosed pastures 
for cattle, and were endeavouring to cultivate the soil. — 
And a thousand years elapsed, and I revisited the country, 
and a village had been buOt upon the sea-shore, and its in- 
babitaata supported themselves \)y ^aVva^-, ^'^^^ '^'i"i V*^ 
erected a temple on the neighbouring \vK!i,«.'o^-^'«S'vc-VL\]i^^ 
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to their pnfron saint. And the arijacent country waa stud- 
ded with towns and villages ; and the downs were (orerd 
with flocks, and the valleys with herds, and the com-fields 
and pastures were in a high state of cultivation, denoting in 
indnstrioua and peaceful community. — And lastly, after m 
intenal of many centuries, 1 arrived once more, and tlio 
villngo was awept away, and its aite covered by the waves: 
bitt in the valley and on the hills above the clifl's a beautitul 
city appeared :* with it» palaces, its temples, and its thou- 
sand edifices, and its streets teeming with a busy population 
in the highest state of civilization ; the resort of the nobla 
of the land, the residence of the monarch of & mighty em- 

' Brighton, 

f Tho Goncluding portion of thew remarks refers to the chin^ lUl 
h&ve taken place on the Suaaex FOnal duriti|; the historical era. BKort 
(hii Conqueat. the p'oler part of the ihen little fishing-town of Bri|kt- 
helmslun (BriffhtAelm'i-ltncn), or Brighton, was mluated betov Uie cltSh 
on a terrace of beach and finnd, now coverud by the watea. Tte 
chiuch, dedicated lo St. Nicholas, the patron-saint of fishermen, m 
placed on !ui eminence, (hat it might serve as a land-maik. The inro*^ 
of the sea led to the erection of buildings on the high ground, and ils pc»- 
gressive encroachment gntdually diminished the area of tbe ancient towi, 
until nt length a suddeo tnundatiou, hut little more than a centiu; ago, 
swept mrsy the houses, forliGcations, and enclosurei that remained. Tie 
sea has, therefore, only resumed its former position at (he base of ihs 
ctilTa ; the site of the old town haTing been an ancient bed of sbin^ 
ibandDned fur ages by the ocean, perhaps, conl«mponneaualy wilh At 
retreat of its waters from Ihe vslley of the Quae. Should (bis r«-admM« 
of the sea be progressiVB, Lewes Lerels (aboiB, p. 61) may again be- 
come an estuary, and the (own of the Cliff and (he hamlet of Lmiilimt 
regain Ihe diaractcrs frora which Iheir names were derired. See A Dm^B 
RnmbU in and about llur onci'.iK lixm of Lncei: by Ihe Author. IMfcj 
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SUPPLEMENTARY NOTES. 



A. Fage 41. — The subjacb of the Moon. — The moon is the only 
planetary body placed sufficiently near us to have the inequalities of 
its surface rendered distinctly visible with the telescope. Attendant 
on the earth, and having nearly the same density, we may reasonably 
infer that the mineral substances of which it is composed do not dif- 
fer essentially from those on the surface of our own planet. If , as is 
most probable, the moon is surrounded by an atmosphere, it must be 
very clear and low, for it scarcely occasions a sensible refraction of 
the rays of light when it passes over the fixed stars. Many of the 
dark parts of the moon, particularly the part called mare crummy ap- 
pear to be covered with a fluid, which is probably more transparent 
than water, as the forms of the rocks and craters are seen beneath it, 
but not so distinctly as in the lighter parts of the moon's surface. 
To examine the moon with a reference to its external structure, the 
defining power of the telescope should be of the first quality, suffici- 
ent to show the projections of the outer illuminated limb, as distinct- 
ly as they appear when the moon is passing over the disk of the sun 
during a solar eclipse. With such a telescope, and a sufficient de- 
gree of light and of magnifying power, almost every part of the 
moon's surface appears to be volcanic, containing craters of enor- 
mous magnitude and vast depth : the shelving rocks and the differ, 
ent internal ridges within them seem to mark the stations at which 
the lava has stood and formed a floor during different eruptions ; 
while the cones in some of the craters resemble those formed within 
modem volcanos. The largest monntaMi oxv. \Js\& ^^^sSwsc^^sssSsi ^ 
the moon, like the largest volcanic cona OTi>i)fta ^sw?0cL^^G"«ss^'3c«flFi, 
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haa no deep crater on ita summit. There ure indeed the outlinetal 
the crater, but it ia nearly fiilud up • while from the foot of tliii 
luimr moiintain streams of lava diverge in difTereut dicecltons, to tlu 
diiitant^e of six hundred miles, Tbe longest known current of mo- 
dem lava an tbe earth is in laeland, and extends sixt; mUes; iml 
the volciinoB in that island bear no proportion tu those of the moA 
in magnitude.— Mr. Bak/neeU. 



B. Page i2. — Nbbulak THBoai op the Univbbse.— The fol- 
lowing remarks bj one of the most eminent philosophers of our tima 
ore appended with the new of showing that, although tbe nebular 
theorj cannot be regarded as having an; pretenaiona to be considered 
aa a philosophical theory supported by direct observations, jel, U 
suggestive of the efl'ecta of a law by which it seems probable thi 
sidereal DniTerse is governed, it ia deserving the highest conaidei* 
ation : — " Should the powers of an instrument, such as Lard Bosst't 
telescope, succeed in demonstrating the starry nature of tbe regnlu 
elliptic nehulffi which have hitherto resisted such decomposition, tie 
td(« of a neliidous mailer, in tbe nature of a shining fluid or oondou- 
iblc gaa, must, of course, cease to rest on any support derived fnn 
actual observations in the sidereal heavens, whatever countenance it 
may still receive in tbe minds of oosmogonists from the tails wi 
atmoaphercs of comets, and the zodiacal light in onr own systca. 
But, though all idea of ita ever being given to mortal eye to »ie» 
aught that can he regarded aa an ontstaading portion of primeral 
chaos be dissipated, it will by no means have been even then demon- 
atrated that among those stars so confusedly scattered no aggregat- 
ing powers are in action, tending to draw them into groups, and 
insulate them from neighbouring clusters; and, speaking from my 
own impreasion, I should aay, that in the structure of the Magellanic 
Clouds it is really difficult not to believe we see distinct evidenoei 
of the exercise of such a power. Much has been said of lafe of ths 
nebulous hypothesis as a mode of repreaeating the origin of oar own 
planetary system. — An idea of Laplace, of which it b impossible to 
deny the ingcnwts, ot t^e. saciwaavit shandonment of planelwj 
rings, collecting tUemsAvea m.\o ■\j'im>c\s \>^ b. 'iwiSi.-™!^, msioi. ^v 



iluall<r Bhrtnking in. dLmensioDa bj the loss of heat, and fimillj con- 
centrating itself into a sun, haa been insisted on with some per- 
tinacity, and supposed to receive almost demonstrative support from 
considerations to which I shall presently refer. I am by no means 
disposed to qoarrel with the nebulous hypothesis even in this form, 
K a matter of pure speculation, and without any reference to final 
[iiuses ; but, if it is to be regarded as a demonstrated truth, or as 
receiving the smallest support from any observed numerical relations 
which actually hold good among the elements uf the planetary orbits, 
I beg leave to demur. K we go on to push its application to that 
extent, we clearly theorize in advance of all inductive observation." 
— Address to tie Briliah Asaociaiioa held at Cambridge, in June, 1S45 ; 
6f Sir J. F. W. HeracM. Jtarl. 



V. Page 76.— The hi.%s ov thb Sol»ataila.— " Its temperature 
was in the winter in the warmest parts above 80 deg. of Fahrenheit, 
Bnd it appears to be pretty constant ; for I have found it differ a few 
degrees only, in January, March, May, and the beginning of June : 
it is therefore aapplied with heat from a subterraneous source, being 
nearly twenty degrees above the mean temperature of the atmo- 
sphere. Kirehet has detailed in his Mundas Suhterraneua various 
wonders respecting this lake, most of which are unfounded ; such as 
that it is nnfalhomable, that it has at the bottom the heat of boiling 
.water, and that floating islands rise from the gulf which emits it. It 
must certidnly be very difficult, or even impossible, to fathom a 
source, which rises with so much violenee from a subterraneous ei- 
cavation ; and at a time when chemistry had made small progress, it 
was easy to mistake the diaeogagemeat of carbonic acid for an actual 
ebullition. The floating islands are real, but neither the Jesuit, nor 
any of the writers who have since described this lake, have had a 
correct idea of their origin, which is exceedingly curious. The high 
temperature of this water and the quantity of carbonic acid that it 
contains render it peculiarly fitted to afford a pabulum or nourish- 
ment to vegetable litei the banks of travertine are everywhere 
covered with reeds, lichens, confervie, and various'kinds of aojiatio 
vegetables ; and at the same time tWt ftie ^KX^a* <A -s 
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is going on, the crjstallizationB of the calcareous matter wbicb a 
eretywliere deposited, in. coosequeiice of the escape of caibomc add, 
likewise proceed, giving Si constant milkincsa to what from its tiU 
would otherwise be a blue fluid. So rapid is the vegetation, owing 
to the decomposition of the carbonio acid, that, even in wintu, 
masses of confervs and lichens, mixed with deposited travertine, ire 
constant); detached b; the cuireota of water from the bank, ami 
float down the stream, which, being a considerable river, is never 
without manj of these small islands on its surface : the; ace some- 
times onlj a few inches in size, and composed merely of dark-green 
confervte, or purple or yellow lichens ; but the; are sometimes even 
of some feet in diameter, and contain seeds and various speeiea of 
common watcr-pliuita, which are uanaUy more or less incrusteJ wilh 
marble. There is, 1 beUeve, no place in the world where there is > 
more striking example of the opposition or contrast of the laws of 
uuimate and inanimate nature, — of the forces of inorganic chemidl 
affinity, and those of the powers of hfe. Vegetables, in such t 
temperature, and everywhere surrounded by food, are produced will 
a wonderful rapidity ; hut the crystallizations are formed with equit 
quickness, and they are no sooner produced than tbej are destrojed 
together. Motwithstaudiug the sulphurous exhalations from lb 
lake, the quantity of vegetable matter generated there and iu ku 
make it the resort of an infinite variety of insect tribes ; and even is 
the coldest days in winter numbers of flies may be observed on liw 
vegetables surrounding its banks, or on its floating islands, and ■ 
quantity of their larvse may be seen there sometimes incrusted uul 
entirely destroyed by calcareous matter ; which is likewise often ibo 
fate of the insects themsclvefl, as well as of various species of shdil- 
flab that are found amougst the vegetables which grow and ore dfr 
atroycd in the travertine on its baiika. Snipes, ducks, and otto 
water-birds, often visit these lakes, probably attracted by the tempa- 
ature and the quantity of food in which they abound ; but tbrr 
usually confine themselves to the banks, as the carbonic acid diiel- 
gaged from the surface would be fatal -to them if they ventured to 
swim upon it when tranquil. In May, 18 — , I filed a stick ou a nma 
of travertine covered by the water, and I examined it in the begin- 
ning of the April "followiog, for the iiurpoaeof determining the nature 
of the depositions. 1\ie^B.\.ef«aa\o-«ai^'CMa'C»iot,-^t\.\.'«Mi«o 
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diffionlty, 1^ meuu of a sbtirp-pomted Immmer, in breaking the mass 
which adhered to the bottom of the Etick ; it was several inches in 
liiioiuiesB. The upper part wus & mixture of light tufa aiid the leaves 
of confeme ; below this was a darker aad more compact travertine, 
containing black aad deeompoaed uiasaea of oonferve ; in the inferior 
part, the travertine waa more aolid and of a grej colour, but with 
cavities which, 1 have no doubt, were produced by the decompi 
tiou of vegetable matter. I have passed man; hoora, I may saj 
many days, in studying the phenomena of this wonderful hike; it hi 
brought many trains of thought into my mind connected with the 
early changes of our globe ; and I have sometimes reasoned from the 
forms of plants and animalu preserved in marble in this worm sou 
to the grander depositians in the secondary rocks, where the zoo- 
phytes or coral insects have worked upon a grand scale, and where 
paJma aud vegetables now nnknown are preserved with the remaiiu 
of GTOCodUes, turtles, and gigantic extinct saurians, which appear t( 
lave belonged to a period when the whole globe possessed a maoh 
ligher temperature. I have likewise often been led, from the r 
markable phenomena surrounding me in that spot, to compare the 
works of maa with those of nature. The hatlis, erected there nearly 
twenty centuries ago, present only heaps of ruins, and even the bricks 
of which they were built, though hardened by lire, are crumbled into 
dust ; whilst the maascB of travertine around it, though formed hy a 
variable source from the moat perishable materials, have hardened bj 
tinicj and the most perfect remains of the greatest ruins in the e 
nal city, such as the triumphal arches and the Colosseum, owe their 

duration to this source 

How marvellous are those laws by which the humblest types of 
organic eiistence are preserved, though bom amidst the source 
their destruction, and by which a species of immoriolitj is given to 
' generations floating, as it were, like evanescent bubbles, on a sir 
' nised from the deepest caverns of the earth, and instantly losing ; 
what maybe called ita spirit in the atmosphere." — 5ir flsBip^. 
Davy' I Cotaotatiaiig m Travel, or (he Last Bays of the Pkilosopher. 



„ D. Pi^e 78.— Cavbens.— One of fhc mos'i, o 

ms is the forma,lian oi -w^ibIi m* wfitfA. rtolo^.^^'J* 
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frum B. Greek word aignifying distillation or dropping. To eipUi 
tbese, a brief description of the mode of their production vill be n»- 
ceBsarj. Whenever water fillers through a timestepne-rock, it ili»- 
solvca a portion of it ; nud oa reaclu:^ an; opening', sncb. aa a catcm, 
oozes from the sides or roof, and forma ik dr<^, the noistnre of viiifJt 
is Boon evaporated bj the air, and n small ciroular plate or riiij of csl- 
careons matter remaina ; anot)ierdrop3UCceed3intbesamepUce,iiiid 
adds, from the same cause, a fresh coat of iucnutation. In time, thoe 
successive additions produce a long, irregolar, conical projection 6™ii 
the roof, which is gcnerall; boUow, and is continually beu^ increased 
by the fresh accession of water, loaded with calcareous or chalk; nat- 
ter 1 this is deposited on the outside of the italaclUe already formed, 
and, trickling down, adds to its length by subsiding to the point, >al 
evaporating as before; precisely in the same manner as, daring trwtj 
weather, icicles (which are atniaelites of ice orf-oien water) are formeJ, 
on the edges of the eaves of a roof. When the supply of water hohliiig 
lime in solution is too rapid to allow of its evaporation at the botloB 
of the stalactite, it drops to the floor of the cave, and, drying up g«i- 
dually, forms, in like manner, a stalactite rising upwardi 
ground, instead of hanging from the roof ; this is called, for the s&ks 
of distinction, stalagmle. 

It frequently happens, where these processes are nnintermptei^ 
that a stalaetiie, hanging from the roof, and a italaffmite, formed im- 
mediately under it from the superabundant water, increase until they 
unite, and thus constitute a natural pillar, apparentlj suppgrting 
roof of the grotto ; it is to tbe grotesque forma assumed by etahM>- 
tites, and these natural columns, that caverns owe the interesting sf- 
pearances described in such glowing colours b; those who vitnen 
them for the first time. One of the moet beautiful stalactitic carenu 
in England is at Clapham, near Ingleborough. In the Cheddar Clifli, 
Somersetshire, there has been discovered a sinular cave, riehly on- 
erusied with sparry concretions. There are others in Derbyshire. 



E. Paffe 78.-Wet*e's Cave.— This cave is situated in a ridge of 
iimestone-hiUs, running ■paidiA Vo'Csifc'Si.'Ms'HtsiaftaiBa. A narmr 
and rugged isaure leaiia \q 8.\i«?p ca!ie.ro,'»Vi^<B»,-w«A. ^^jwh^^ 
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flgurea, formed bj the percolation of water through beds of lime- 
stone, present themaelves, while the eje, glancing onward, watches 
the Him and distant glimmcra of the lighta of the guides — aome in 
the recess below, and others in the galleries above. Passing from 
^ese reocBses, the passage conducts to a flight of steps that leads 
into a large cavern of irregular fomi and of great beauty. Its di- 
mensions are about thirty feet b; fifty. Here the incruatationa hui^ 
jnat like a sheet of water that hna \icen frozen as it fell ; tliere they 
nseintoabeautifulBtalactitic pillar ; and yonder compose an elevated 
seat, surrounded by sparry pinnacles. Bcyund this room is another, 
more irr^ular, but more beautiful ; for, besides having sparry oma- 
ments in common with the others, the roof overhead is of the most 
admirahle and smgulat formatioo. It is entirely covered with ila- 
laeiiiei, which are suspended from it like inverted pinnacles; and 
they are of the finest material, and most beaatifnllj shaped and em- 
bossed. In another apartment, an immense sheet of tramparcnt 
^alaclile, which extends from the roof to the floor, emita, when 
struck, deep aud mellow sounds, like those of a muffled drum, 
farther on b another vaulted chamber, which ia one hundred feet 
long, thirty-six wide, and twcnty.ais high. Its walls are fllled with 
grotesque concretions. The effect of the lighta placed by the guides 
at varions elevations, and leaving hidden more than they reveal, ia 
extremely iiiie. At the extremity uf another range of apartments, a 
magniScent hall, two hundred and fifty feet long and thirty-three 
feet high, suddenly appears. Here ia a splendid sheet of rock-work, 
running up the centre of the room, and giving it the aspect of two 
separate and noble galleries; this partition rises twenty feet above 
the Boor, and leaves the fine span of the arched roof untouched. 
There is here a beautiful concretion, which has the form and drapery 
of a gigantic statue ; and the whole place is lilLed with staiaginitical 
'masses of the most varied and grotesque character. The fine per- 
spective of this room, four times the length of an ordinary church, 
tmd the amazing vaulted roof spreading overhead, without any sup- 
port of pillar or column, produce a most striking cU'ect. In luiollicr 
^lartment, which has an altitude of fifty feet, there is at one end uu 
elevated recesa, ornamented with a group of peudant stalactites of 
nnuBoal size aud singular beauty. They ore as large as the i ' 
a fuU-siied organ, aud nmged with, gteui t(;f,uiM\\.'^ \ '■it^etsi 
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they emit mellow sounds of various Itejs, not iinlike the tones ol 
musical gloases. Other cavities, profusely studded with span; in? 
cniatntiona, eitend throogli the limeatone-rook. Tlie length o( tto 
extraordiimr; group of caverns is not kss than one thousand sii liaii- 
dred feet. — Abridged fnm " A Jfarratine of a Fiiit to tie Jxtrica 
Ckurche» ; " bj/ Drt. Seed aitd Malhaon. See also aa infeTaliig Sai- 
ratice of " A Tour lo the Caeet in Virginia," bj/ the late Dr. Hatkt. 
Medical and Piytieal Beeearchei, p. 104. 



F. Pofft 93.— Recent Fobmation or Sandstoio:.— "A saaiitow 
opcora in various parts of the nortiiem coast of Cornwall, wbick (it 
fords a most instnictive example of a recent formation, since ire hm 
actuftllj detect Nature at work in converting loose sand into wlid 
rock. A verj considerable portion of the northern coast of Comwil! 
is covered Vfith calcareous sand, consisting of minute partirlea <i 
comminuted shells, which, iu some places, has accumulated in tpKi- 
titieti 90 great, as to have formed hills of from forty to siity feel a 
elevation. In dig^ng into these sand-hills, or upon the oocaiicul 
removal of some part of them by the winds, the remains of hoiuci 
may be seen ; and in places, vrhere churchyards have been over- 
whelmed, a great number of human bones may be found. The su^ 
is supposed to have been origintdly brought from the sea bj hurri- 
cnnea, probably at a remote period. At the present momenl, tlit 
progress of its incursion is arrested by the growth of the ami^do art' 
nacea. The saud first appears in a slight but inerensing state of i^' 
gregation on several parts of the shore in the £ay of St. Ives ; bnl 
on approaching the Gwytbian River it becomes more extensive ind 
indurated. On the shore opposite Godrevy Island, an immense mus 
of it occurs, of more than a hundred feet in length, and from ten to 
twenty in depth, containing entire shells and ft^^ncnts of clay .slate ; 
it is singular that the whole mass assumes a striking appearance n( 
stratification. In some places it appears that attempts have heca 
made to separate it, probably for the purpose of bnilding, for sevenl 
old houses in Gwylhian rae built of it. The rocks in the vicini^ of 
IJiia recent tormaUoamV\«"*B,l 'A?,\,.\-i«»ia6 ^tsnsftHwtiiad claj- 
Blate, aiteraiktiog 'wiUi each -i^Xw.^- "^^ c>B.i^feiK.VM>.i.«a!«, *■«*. 
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decomposition, in consequence of which large masses of the horn- 
blende-rock have fallen in yarious directions, and given a singular 
character of picturesque rudeness to the scene. This is remarkable 
in tlie rocks which constitute Grodrevy Island. It is around the pro- 
montory of New Kaye that the most extensiye formation of sand- 
stone takes place. Here it may be seen in different stages of indu- 
ration, from a state in which it is too friable to be detached from the 
rock upon which it reposes, to a hardness so considerable that it re- 
qnires a very violent blow from a sledge to break it. Buildings are 
liere constructed of it ; the church of Cranstock is entirely built with 
it ; and it is also employed for various articles of domestic and agri- 
cultural uses. The geologist who has previously examined the cele- 
brated specimen from Guadaloupe will be struck with the great ana- 
logy which it bears to this formation. Suspecting that masses might 
be found containing human bones, if a diligent search were made in 
the vicinity of those cemeteries* which have been overwhelmed, I 
made some investigations in those spots, but, I regret to add, with- 
out success. The rocks upon which the sandstone reposes are alter- 
nations of clay-slate and slaty limestone. The inclination of the beds 
is S.S.W., and at an angle of 40'. Upon a plane formed by the edges 
of these strata, lies a horizontal bed of rounded pebbles, cemented 
together by the sandstone which is deposited immediately above them, 
forming a bed of from ten to twelve feet in thickness, containing 
fragments of slate and entire shells, and exhibiting the same appear- 
ance of stratification as that noticed in St. Ives' Bay. Above this 
sandstone lie immense heaps of drifted sand. But it is on the west- 
em side of the promontory of New Kaye, in Fishel Bay, that the 
geologist will be most struck with this formation ; for here no other 
rock is in sight. The cliffs, which are high and extend for several 
miles, are entirely composed of it ; they are occasionally intersected 
by veins and dykes of breccia. In the cavities, calcareous stalactites 
of rude appearance, opaque, and of a grey colour, hang suspended. 
The beach is covered with disjointed fragments, which have been de- 
tached from the cliffs above, many of which weigh two or three 
tons." — From a Memoir hy Br. Paris, in the Transactions of the Boyal 
Geological Society of Cornwall. 
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G. Page 109. — On the Scbsitence of tbb Coast at Poizcou. 
Letter from C HuUaandel, Esq., to the Aathor, " LoaJo*, Nencmier, 
1S39. — " Most trayellers merely paas through Puzzuoli in their way W 
Baio, and, few being acqaainted with t)ie Neapolitan dialect, m«uy ban 
not hod the opportunities vhicli I enjoyed of conversing with the oa 
tives upon the subject. In the year 1813, I resided for (onr monllu 
in the Capuchin convent of Puzzuoli, which is situated between die 
road from Naples and the Ben, at the entrance of the town of Fu- 
Euoli. In the Capuchin convents the oldest &iar is called ' il mile 
reverendr ; ' and the one who then enjoyed the title in this conToiI 
was 93 years old. He informed me that, when he was a young am, 
the road from Maples passed on the eeaieard tide of the convent ; bul 
that, from the gnuliml sinking of the soil, the road was obliged to be 
altered to its present course. 

" While I was staying at the convent, the refectory, as well a» tlie 
entrance gate, were from siK inches to a fool under water whcnetff 
strong westerly winds prevailed bo as to cause the waters of Ife 
Mediterranean to rise. Thirty years previously, my old infomani 
stated, such an occurrence never took place. In fact, it is not pro- J 
hable that the builder of the convent would have placed the ground- I 
floor GO low as to espose it to inundation, as it now is. Moreovti. ' 
the nmsli wharf at Fuzzuoli, Hkc the convent, is constantly uodel I 
water when westerly winds prevail ; here again it is evident thai tilt 
original oonstructora of the wharf never intended it to be ii 
state. These facts appear to prove that the gtadoa] subsidence of 
the soil has been going on for many years, and is still in actual pnV' 
gress, and corroborate the opinjoo derived from the appearaacct I 
observable on the columns of the Temple of Jupiter Serapis, thd I 
the country has been subjected to alternate elevations and subn- j 
dences." 
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The mode of induction, lij wMcb the gonlopst and comparative anato- 
mist ore enabled to aacerttua the tona and stmctnre of BKimalB and plants 
which no longer eiist on the &<» of the eurth, imd eien the nature of the 
eountries which Ihey inhahited, is explained in the prcDcding pagea. From 
the materials furnished bj the researches of the Author in the Wealdeu 
fonnadon of ibe south-east of England, the eminent painter of " Belskae- 
eab's Feast" [Mr. John Martin) compoEcd the striking picture that 
fonns the fronliBpiecc of this Work 

The data upon which the rBstoraliona are founded are described in t!ia 
Fourth Lecture, Part II. (»ce p. 370). The painting represents a country 
ohithed with a tropical veg;etatian, peopled by eolossal reptilia, and tra- 
versed by a river, which is seen to empty itself into the sea in tlte distance. 
Oolitic roclu form the heights and diHt with which the landscape is diver- 
Btfl^d. The vegetatvoa consists of the trees and plaats whose fossil remains 
bsTB been discovered in Tilgate Forest in the Inle of Wight, and at Port- 
land, namely, arhoresoont ferns, zamias, and coniferous trees ; the lesser 
specica being distributed over the foreground. 

The greater reptibis are tho Ignsnodon (p. 436), HylieoBaums (p. 449), 
Megalosaums (p. 13S), and Crocodiles (p. 428). An Iguanodon attacked 
by a Megaloeanrus and Crocodile constitute the principal group ; in the 
middle distance an Tguanodon and Hylsiosaurus are preparing for on en- 
connter; a soUtary Pterodactyle, or flying reptile (452), with its wingi 
partly expanded, forms a conspicuous ot^ect in the for^onnd ; while Tot' I 
bnsea are seen crawling on the banlu of the river. AiomQDitea KDd.>:^)a«t I 
sbelli of the Portland Oolilo, whicU ia Ae ioMnftatwiii-TQfii. vS.'^'a eisstfcevfl 
are etrewa oa the shore. fl 



DESCRIPTION OF THE OBOLOGICAL MAP OF ENOliND. 
PLATE I. 



Thib map, or rather grovmd-plan, is necesBBrily on too bouUI a suit lo 
aSbrd more than a very general idea of the geo^phical diatribulion of ibn 
principal gronpB of strata over EngUnd, in accordftnea wilh the chrondo- 
gkal fijnopsiB in Lootnre III. 

A summary of the genonU fbatiircB of the cuimtry is given in po^ iOT, 
which it is unnoccBsaty hero to repent; but it may be intereating la aSat 
■light aketcb of the Gtwlogy of the shares of England. With this ries, if 
we Mart on nn imnginarj enuBe from the north, beyond Berwick, and pro- 
oeed along the eaBtem, Bouth-emCera, and •onlhem coasts, to the Latld'i- 
End, and then sail along the western shorea until we reach the Solwaf 
Firth, the following; geological phenomena will sucocMiToI; be pnwented. 

The bordoi-cDuntrj of England and Scotland consists of MounlaiH-Uml- 
ttone, with a narrow Irack of Defontan north of Berwick, in which fMol 
fishes have been met with, and beyond whicb, still farther to the noKh, •■» 
slaty rocks of Silurian age. From Berwick to Shields, Carhomfrrati 
rocks, comprieing the Mintnlaii],liBHttoni, Coal, and JtiilUtate-grit, fonn 
the Nortbtimberland coast ; a fbw insnlated masses of Platonic rocks ( 7>ap) 
appear here and there; as for example, at Bamborongh CasUe and Dun- 
stanborough. From near Tynemouth to Hartlepool, the Magnaian Smr- 
tbma of Iho Fermian system appear ; Ihenoe to Kedcar, the THat depodU, 
in which the embouchure of the riter Tees is situated, farm the ihore. 

The coast of the North Biding of Yorkshire, composed of Liot and OtiHt. 
Ie now reached ; this tract includes Whitby, in the neighbourhood of which 
place ore high cliffs of Lias, abounding in fossils of great Tarietj and inter- 
est, ai for example. Ichthyosauri and other reptiles, jet, wood, and amnor- 
ous sheila. In the contiDuance of this coast lo Scarborough and Speelon, 
the Great Oolite, Corai-raj/, Oxford Clay, and other memben of the Oolite 
appear, eoataining organic remains in profusion ; and along this shore tm 
exposed intercalated fivBto-mariae strata, full of cycadeous plants, fenn, 
equiselites, lignite, and eual. thGDce to Flamberuut^b Uoad, the Lotetr 
Grfeniand (very Ibvn^, jetton Clay^Muilud Chalk annate, uA-nuii^ 
the WAite Chalk, of wluct itie ^ft'o^ '^'^S* "^ '-■"« ^■.anwtt.^j ™™»., -«™=. 
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"Uik port of Yorluhire, the coaat-boundarj 19 chiefly maile up of the allu- 
'v-ial deposits of fioldeiBew; snd along the ntotitime district of Liuroln- 
ahire, until we reaeb Norfolk, of low cliffs of Pasl-leriiari/ gTE'tl, aaad, 
^md silti sad in nuuij pUces of older diift, containing muiaiDaliiui 
KEmsias, The cIiBlk-ruige of Norfolk extends to the soa on the uoith 
:fFom Thomliiun to Blokeuoj; BJid nC Cromat is capped by nmioiualiferoia 
Tertiar;/ beds. 

Tlie coait of Norfolk presents Ujgier Tertitay deposiU ; the Boulder- 
elay, with sands and gravels : in the latter, great numbers of the teelh und 
bones of elephants and ot)ier eitinct uuunmalia have boen diacovered, 
especially at Happisburg. Inland, near Norwich, the Upper Crag ia met 
with, which is found along the coast of SnffoUt in the form 0/ Red Craff, 
rich wilh mammalian remaina, and overlj^g the Lotuer or Suffolk Crag, 

At Aldhorough, the Loaer Crag appears inland ; and in tke cMa at 
Bawdsey and Feliietow the B*rf Crag is seen OTerlying the London clay; 
and a fine section is exhibited at Walton Naze, in Easel, south of Harwich. 
At Claclon, tliere is a pleistocene deposit containing Ireahwater shells and 



We now approach the embouchure of the Thames, which lies in a trough. 
of ijindon clay ; this ia of Eocene ago : certain localities, aa the Isle of 
Sbeppey, tlie rliSs in Heme Bay, Southend, &c., abound in fossil fruits and 
other vegetable remains washed out of this clay, together with marine ehells, 
bones of mammalia, birds, and reptiles, bones and leeth of fishes, &c. 

The North Foreland of the challc-range of Kent is next passed, the coast 
being flanked by yertical cliffs of Chalk to Dover. The Orey Chalk appears 
el the hafe of Shakapearc's Cliif ; and the lower members of the series, the 
Upprr Greenaaad, GauU, and Lovtcr Greenland, at Folkstone and Hythe; 
the cliffs in Eastnare Buy abound in Gault fossils. 

The low alluvial district of Ronmey marshes now skirts tlie sea-shore, to 
near Wincbelsea; this town and Bye being situated on mounds of Wealden 
strata, that rise through the sQt of the surrounding marsh-lands. 

We now pass along the eastern extension of the Wealdon denudation on 
the Sussex coast ; Ibe Wealden sands and sandstones, with nltomattng clayi 
and shales, constitnttng the range of cliffs that stretch, with but little in- 
terruption, from the east of Hastings to Beihill ; and in which the usual 
fossils occur in considerable abundance. 

. Accumulations of shingle now bound the bay formed by Fevensey Idrels, 
guarded by numeroua martello towers, and the Wealden strata are wholly 
concealed. Near Sonthboum, on the north of the South Downs, the Lower 
Greenland, Gault, and Upper Greensiind reappear, aod are Eurmounted by 
tZie White Cbalk, wbich abruptly rises into flie pTOmQ^WK^ *S.ltei^K^"'&5HJ^ 
A SoMJiaeof cialt-cliffs, interrupted onijlj-s Ilia's ^afi&■ii^*""™^■*'"™^ 
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the riTurs from the interior diaohargc their WBtera into the see, mm 
Mrctibe« tHong the WMUt towards Brighton ; where, to the extent of thiw 
or (oat miltK, the clitfs oonnct of dctritoai, containing banee of Elephaots, 
whales, horau, deer, und other nummalia. At the emboucbuie of tbc 
river Ouee, which flaws into the sea &om Lewca, the chalk-(^]iff9 formitig 
Ihiv we«lem heidlaad of Newhuveii haihour are capped by Eocfine atratB, 

To thp west of BrightJin, the cooat ia for lie moBt pmt low ; the toond- 
atioQ-rock of the district, Chalk, uldom rising into Tiew ; and thick beds 
of gTBTcl and brick-earth, with Eocene Blrata beneath, form the tract in 
the aoulb of the Down*, tbrongh western Sussci and the adjacent maritiiDe 
district of Hampghite. 

The Snasex coast at Bognoi is skirted bj a few low rocks of calciferoui 
sandstone, abounding in eocene shells identical with those of the Louden 
Clay : and in BracklEsham bay a bank of clay and sand, Dsually coTcred by 
the tide, ho* yielded nmnerous organic remains of great interest. 

We now aail round the eastern teimination of the Isle of Wight, and 
perceive on the north the Tertiary strata ia Whitecliff Bay, abutting agaiast 
the Tertkal Chalk of Culier Cliff. Bounding the promontory, we enter 
fiandowB Bay, where the Wealden bodi lise in an anticbnal position fron 
under the Cretaeeoue strata. The TuinooB chalk-eBcarpmcnt of the Undei- 
clilf ia ncit pa^sei!, and «c tnlcr another bay of the Wealden, at Briilon. 
Brook, and Compton; and again mitt with hold procipieea of Chalk it 
Fteshwaler Gale and the Needlca ; and Tcrtical Eocene strata in Alum Bay. 

Porsning our westward course, we see the distant coast of Hampsliir?, 
by Hordwell and Christrburch, formed of freshwater and marine Tcrtisrj 
deposita ; and entering Studland Bay, perceive Tertiary Eands flanking tbe 
northern side of the vertical cbalk-cliffs of Haadfost Point. Swaoa^ Baj, 
OD the south side of the FDint,eihibiteafine section of the Wealden strata; 
and Durlstone Bay, still ftuiher south, continues the section through the 
Pnrbeck beds. Coasting along the Isle of Purbeck, the different memben 
of the Cretaceous and Wealden formations are seen in varioaa parts of tliil 
unuous and indented line of coast ; in some places forming the entire cliffa ; 
in others surmounting the Kimmeridge Clay and Portland Oolite ; and we 
paaa by the little cores in the south-west of the island, in which tbe strata 
of the Chalk, Wealden, and Oolite appear in a vertical position. 

Bounding the insulated mass of Oolxtt that forms the Isle of Portland, 
we reach the Domtshite coast, which is here composed of beds of the In- 
firior Oolitt. These deposits are succeeded neat Lyme Regis by dift of 
Liai, which tbe researches of the late Hiss Mary Aiming and Hr. Hawkins 
hare rendered so celebrated ', the remains of Ichthyosauri, Plesiosanri, and 
other reptiles ncctu lien in H^m'IAIau% u& ^)^ ^«»£n'<ijffj&., to^thai 
with numerous Bhdli, o™tn4aB.,crQ»^awaii'«*''S™**- 
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The Liiia is here capped with Greenssnd, and on Iho west succeeded by red 
aria of the Triaaslc Bcries; andthcis, aftoraBhort iiilemiptinii of Gieen- 
Band and Chalk, reappear and continue by Stdmouth, Eicnouth, and Teign- 
month to near Bubbiiiombii, vhi^re tho Daoniaa or Oid Red depoiitt firgt 
Bmarye : beautiful cDmlline marblea are qnarried near Babbicombe. 

The coBsta of QeToashire and Cornwall, with hot few ictetmptiona, an 
made np of the diSerent membeis of the DeTonian Bystem ; KtVurinn strata 
oecnning at a few points. Mica and Chiorite ichUu form (be promontorj 
U Start Point ; Serpattme and Dudtage rock, the Liiard; and Graniti, 
the Land's-Eod. Fiom Plymouth to Falmouth a the grand region of 
copper-ores ; t^e countcj consisting of elatj rocks (lismied Killat) tio- 
versed hj dikes both of coatee and of floe grained granites (provindally 
called Eharu), and broken through by protmsions of granitic rocks. In- 
tnuions of Trap are frequent all orer this part of England ; at St. Ires, 
the cliffs are composed of this igneous product. 

Tlie western shores of Cornwall present aimilai phenomena ; and through^ 
ant thia sea-coast, elcTated terracca of beach or shingle are nonicrona, 
proying the frequent alterationa in the relatiye leiel of sea and land, which 
hav£ here taken place. 

Along the weet couEt of Deyonshira, beds of ffic Carboniferimt system 
appear; the ehales are often highly contorted, and occur in the state of in- 
Pirated slate, provindally called Ctdn : they contain shells and many of 
the uaoal species of coal-plants. 

In north DeTonshire, the DcTonian system reappears ; and near Ilfra- 
combe there are beds of limestone and calcareous slates, full of shells and 
coTals. If we pass up the Bristol Channel, as far as Watchct, we find 
cliffs of Lias, abounding in ahellg and reptilian Temuns, 

But it would extend this notice to too groat a length, were I to point out 
every interesting locality within view, in onr voyage, along- the weafern 
coasta of England : it must, therefore, suffice to mention only the most 
BtriMng geological phenomena- 
Crossing lo the opposite Wolsh coast. Mountain-limestone, capped by 
Lias, appears at Nash Point, and near Dunraven; and in Swansea and 
Caermarthen Bays, we perceive the great Sonth-'Welah Coal-measureB fnUy 
developed; the prDmontory of Worm's Head, which lies between the bays, 
ia composed of Devonian itrata and Mountain-limestone. Near Tenby, the 
cliffs are formed of Carboniferous deposits, very mndi contorted ; and be- 
yond, at St. Goven's Head, beds of Mountain-limestone appear ondor simi- 
lar conditions. In Milford Haven, which is chiefly fianked by Devonian 
rocks, Silurian deposits appear near St. Ann's Head; and ttwc w« tohoct- 
one isolated moR^ee of Trap : Eamsev li^anfli rail ^.1., "Oi ' ' ~ 
roDswt of these Igneous rocks tiaversii^ SftoiAim sVnta.. 
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■We now enter Cttrdig«n Bay, wMeh. is cut oat of lie Lown SflnrUs 
sad Cumbrian dcrponits. The strata consist for Oie moal part or rSsla "iU 
characloTistic foisils, whicti are ssauciated witlt contempoiennnia ad is- 
trnsJTo igneous rocks. Mica and chlorite scMata form the diflk on tin 
southern headland of Caenmrran Bay, and similar roclu ooenr in the Ueon 
Straiie, luid at Holyhead, with intflrapersionB of DeTonion, BihmBii, ud 
CarboniferODB strata. Along the coaat of Denbighshire, the Upper Sh- 
rian strata reach the coast, and are succeeded by Caiboniferoui and Tiiu- 
sic depraits. 

Grobsing- the embonchnie of the rirer Dee, which is sitoaCed in the Coal- 
mcBsnres, the TriaBstc sandstonos of Cheshire appear at Birkenhead. Hl- 
rine detritus and allnrium obacore the regnlar strata along this part of Ibi 
Lancashire coast, until beyond Lancaster Bay, where Upper and LnM 
Silnrian strata and Uountain-limostone appear, mccaeded by » lev cout 
with. Triassic beds. 

At St, Beee Head, the coast exhibits Coal-measarea, covered by Permian 
deposits ; and at WhitehaTea and Workington, the sea-shores are enfitelj 
composed of Carboniferous strata, the beds of coal being worked Au nmin 
the sea. At Maryport, the Magnesisn limestone of the Femuan iijWm 
forms the cliffs. We now enter the Solway Firth, and terminate tliii 
rapid sketch of the geological phenomena exhibited by the coasts of Ed|- 
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II. Part of the aouthom chain of Pap ; oihilnting the broken craters rf 
Chanmont, caib Mnt\i n, coiicat. ot la-ia issuing &am it* buev^a 
Mont DoTiU!isBteD.iii.ftiB&*KOJ«*- «»■^»^*J,1.■^. 
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In the foreground is a basaltic peak, on the summit of which is 
the Castle of Montrognon. The town of Clermont is seen in the 
Talley immediately beyond; and Montferrand in the plain on the 
right. 

The dark horizontal lines indicate the basaltic platform which 
caps the summits of the hills of fresh-water limestone. These beds 
of basalt are between 300 and 400 feet in thickness, and are spread 
over limestone strata, which, together with the basalt, were once 
continuous, but have since been eroded ; the detritus having been 
carried away by alluyial action : see page 277. 

In the remote distance is the granitie escarpment forming part of 
the boundary of the plain of ^uyergne ; see page 270. 

[These views are reduced from the Plates of Mr. Foulett Scrope's 
yaluable and el^;ant work on the Extinct Yolcanos of Central 
France.] 
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rxnC KBVAIVS OV AK XOUAKODOK; FKOH THX KENTISH BAG, NXAR HAIDSTOKE. 

Described pp. 442—444. 
(Length of the original eight feet). 



1, 2. The right and left thigh-bones, ox femora, 
3. A leg-bone, or tibia. 
4, 4, 4. Bones of the toes (metaiaraal and phalangeal) of the hind feet. 
6. (The upper fig. 5.) Ungual, or claw-bone. 

6. Two metacarpaUy or first finger-bones of the fore-foot (?) : [Ulna 

and radiue, according to Prof. Owen.] 

7. Bone of the arm (humertts). 

8, 8, and the lower fig. 5. Vertebr® of the back and tail: in the 

upper part of the specimen eight vertebrsB remain in a conse- 
cutive series. 

9, 9. Ribs ; some nearly entire, others broken. 
10, 10. Two clavicles, or collar-bones. 

11. One of the bones of the pelvis (t7iac 5oney TVva I'^'jth \i<s«sR. >s» 

near £g. 9. 
12. A cAevron-^tone, or hsemal arcbi ooiOl s^Vaa ol ^-sctJuSota.. 
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DacriiKl pp. MO— ■ 
I [The original is fnui bud a liilf I 



This plate representB tho highly inleiesting Bpocimen di«c*Tere4 in Tii 
gnte Foreat in the enmmer of 1833 ; it con^ta of the anlerut furieti "I 
skeleton of the Hi/laaaauna, or FosbQ Lizard of the Weald, lying "n '' 



1. Pertioa of tlio hue of the cranium. 

2. Vurtebras of Iho neck, or etrvical. 

3. Yertebrs of Chd back, or doriai. 
i. Bibe, for the most pert perfect, and biil lilUe remmid tr<M | 

Qwir artdculationa with the TartebriB. 

5, B, S, Dermal epiaes. 

6, 6, B. Throe very birgo dormal spinooB piocesKt ; each 16 inthw m 

length. 
T, T. Tvo coracoiil boni» (belonging to the iJieKt) . 
8, S, The two icBpula. 

9. The glenoid cavity, or socket for the head of the wm-fc< 

formed by the nnion of the ooracoid and k 

10. Detached bonea. 
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